WATER POLLUTION CONTROL 
FEDERATION 


FORMERLY SEWAGE AND INDUSTRIAL WASTES 


Special Features 


Sludge Lagoons—Jeffrey 
Deoxygenation Studies—Schroepfer et al. 
Chemicals and Aerobic Treatment—Ludzack and Ettinger 
Surfactants and Treatment—Malaney et al. 


Color in Beet Waste—Pailthorp 


Operator’s Corner 


Operator’s Manual 





Water Pollution Control Policy Statement—see p. 1257 
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LOW MAINTENANCE 
PRECISION FEEDING 
REDUCES 
MATERIALS LOSS, 
INCREASES 
EFFICIENCY 


ROTODIP accurately feeds 

low viscosity liquids and 

suspensions by volume. 
Eliminate unnecessary waste . . . feed exact dosages 

. continuously . . . with automatic pacing, if 

desired. Simplicity of ROTODIP design assures 
low maintenance and longer life . . . corrosion- 
resistant materials used as required 


Accuracy... within + 1% of calibrated rate 


Capacity ... maximum rates up to 1800 gph 
Feed range... up to 100 to | 


> &e 


BUILDERS-PROVIDENCE + PROPORTIONEERS + OMEGA 





METERS « FEEDERS * CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Request complete data. Write for Bulletin 65-H12B. 


B-I-F Industries, Inc., 368 Harris Avenue, 
Providence 1, Rhode Island 
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FLUSH KLEEN System with 


TWO MAJOR DESIGN IMPROVEMENTS 


NEW FLO-THRU STRAINER 
--- permits greater solids loading 


NEW BY-PASS FITTINGS 


--. allow greater inflow capacity 


PROVIDES THESE ADVANTAGES 








Lower original costs . . . smaller pumps and 

motors required ¢ Pumps handle clear liquid New 
FLO-THRU 

only @ Absolute reliability—pumps cannot Strainer 


clog e Reduced maintenance e 100% 


standby capacity e Longer pump life 


« Successfully handles high wet- 
strength paper products 


« Successfully handles ground gar- 
bage 





« Increases maximum solids load- 
ing capacity 
Uses smaller pumps and motors 


SOLIDS NEVER REACH THE IMPELLER 


OVER 14,000 FLUSH KLEEN® INSTALLATIONS FOR: 


Municipalities @ Industrial and Commercial Buildings @ Schools © Institutions 
Hotels @® Hospitals @® Motels © Auditoriums © Subdivisions © Ships 


Putting Ideas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 


Write for f//} HYDRODYNAMICS DIVISION 
Bulletin No. 122-D 
Seine anateuneny CHICAGO PUMP 


AND CHEmic ar 
Cosroeation 


622 DIVERSEY PARKWAY ¢ CHICAGO 14, ILLINOIS 
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waste treatment equipment exclusively since 1893 
PACIFIC FLUSH TANK CO. 


4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 
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~~ COMPLETE AND ULTIMATE 


___ SLUDGE DISPOSAL 





NICHOLS HERRESHOFF 
MULTIPLE HEARTH 





FURNACE 




















NERCO-EDCO 
"ROTO-PLUG” SLUDGE 
CONCENTRATOR 
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This, believe it or not, is a wall mounted chlorinator. Its attractive appear- 
ance is our way of showing how proud we are of the advanced operating 
parts hidden behind the front panel. For example: This is the first wall 
mounted chlorinator ever to feature a single stack regulator. Simple, com- 
pact appearance belies the fact that it can handle up to 200 pounds per day 
of chlorine more accurately, dependably, and safely than any other chlo- 
rinator with the single exception of its big brothers. It is so completely corro- 
sion-proof in the right places that we have little hope of ever selling replace- 
ment units. In short, we have never been happier with any product than 


we are with the new Series 3600 chlorinators . 


Should you wish to order one of these 

heauties sight-unseen, on our say-so, we 

can deliver immediately from warehouse 

stocks across the country. If not, your local 
F'&P field office will gladly demonstrate the 
3600 Series at your plant, at your 

convenience Call for an appointment 

Or, write for complete information in 

Bulletin 7OC3600, Fischer & Porter Compan ", 
1210 Fischer Road, Warminster, Pa 


FISCHER & PORTER COMPANY 
NSTRUMENTATION AND CHLORINATION 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth FISCHER & PORTER (CANADA) 
LTD.. DOWNSVIEW, ONTARIO « FISCHER & PORTER LTD WORKINGTON, CUMBERLAND, ENGLAND e FISCHER & PORTER GmbH 
GROSSELLERSHAUSEN, BE! GOTTINGEN, GERMANY e FISCHER & PORTER NV KOMEETWEG 11, THE HAGUE, NETHERLANDS « FISCHER & 
PORTER Pty LTO, 184 HANNA ST, SOUTH MELBOURNE, VICTORIA AUSTRALIA 





MEMBER ASSOCIATION MEETINGS 


Nort Carolina el, Winston-Salem 


Florida Hotel, Fort Lauderdale 
Oklahoma 
Indiana 


New York 


ISP, Sout 


Branel 


Mississippi 


or full name 





THIRTY-FOURTH ANNUAL MEETING 


Water Pollution Control Federation 
Host—Central States Sewage and Industrial Wastes Association 


Milwaukee, Wisconsin 


Technical Meetings and Exhibits—Auditorium 
Hotel Headquarters—Schroeder 


October 9-12, 1961 
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Breaking all records 
on nationwide 
demonstration tour — 
See it in your area 


SeweRodeR cleans far more sewer 
per man... per day... per dollar! 


Public officials concerned with greater efficiency and upgrad- 
ing working conditions in the Sewer Department will want to see 
a SeweRodeR demonstration when the team comes to their area. 
They'll see how one operator can rod from manhole to manhole 
non-stop, reaming out sludge and obstructions and restoring free 
flow in a matter of minutes. They’ll see ‘‘case histories” showing 
the SeweRodeR can save up to $264 per mile in cleaning costs, 
and pay for itself in six months! 

They'll like these exclusive advantages: positive chain and 
dog non-slip rod drive; audible safety clutch to protect tools, pipe 
and machine; push-pull power from 4 to 4,000 Ibs., instantly 
reversible; ability to work water-filled manholes; and many more. 


HOW YOU CAN SEE SeweRodeR IN ACTION 


Write for date of demonstration in your 

area. We are making arrangements in 

many cities and will notify you well in 

advance. Be prepared to compare your 
415 So. Zangs Blvd., Dallas, Texas present sewer cleaning methods and 
3787 Durango Ave., Los Angeles 34, Calif costs with SeweRodeR. You may discover 
SS . an entirely new approach to saving im 
1005 Spencerville Road, Lima, Ohio portant budget money! 
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GOES 10 BED 
WITH ITS 
WORKING 
CLOTHES ON 


From the moment it is installed, 
cast iron pipe begins working— 
will deliver its full flow of water 
for over a century. 

Here in Kansas, as part of a 
major water expansion program, 
15,000 feet of cast iron pipe were 
put to bed. Ease of assembly, 
bottle-tight joints, and assured 
full-flow capacity through cement 
lining were important factors in 
the selection of cast iron pipe. 

An interesting feature was the 
uncovering of distribution mains 
constructed of cast iron pipe man- 
ufactured in 1887. The pipe was 
in excellent condition and was 
put back in water service. 

Cast iron pipe is always work- 
ing. In fact, once it is installed, 
one can generally anticipate no 
major repairs or replacements 
for at least a century. 

CAST IRON PIPE RESEARCH ASSOCIATION 


Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 





CAST IRON PIPE 


THE MARK OF THE 100-YEAR PIPE 
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2,300 pounds of Everdur used in 
new 8-ton cast-iron sluice gate 


This direct-pressure type sluice gate 
is one of two recently installed by 
Empresa de the 
Quebradona Dam in Columbia, South 
America, to regulate the flow of potable 
water to the city of Medellin. 


Energia Electrica at 


The 100-foot head of water behind the 
dam exerts 450,000 pounds pressure on 
each 8 x 8-foot gate. Everdur* (copper- 
silicon alloy) was selected to seal against 
this load because of its high strength and 
corrosion 


resistance—plus ready work- 


# Rey 


of Everdur 

facing strips and 

3s in this 8° x 8’ sluice 
eaf and frame assembly 
nd furnished by the 
[ ot 

Corp., 

onsulting 

t Fleming 


Inc 


ability and weldability. Sew age treatment 
and waterworks equipment of Everdur 
has been in service without replacement 
for a quarter century and longer. 

Write for Publication E-11, “‘Everdur 
Copper-Silicon Alloys for Sewage Treat- 
ment and Waterworks Equipment’’—or 
for technical help in selecting the correct 
material. Address: Anaconda American 
Brass Company, Waterbury 20, Conn. 
In Canada: Anaconda American Brass 
Limited, New Toronto, Ont. 


FV ERDU " Anaconda’s Family of Copper- Silicon Alloys 


STRONG - WORKABLE +: WELDABLE - CORROSION-RESISTANT 
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30 YEARS FROM NOW... 


How Well Will Your Treatment Plant 
Still be Serving? 


Unpolluted water in ample supply is an immense indus- 
trial and recreational asset to any community. To end 
stream pollution, more and more trickling filters are 
being built. From 1945 to 1957 alone 926 of them were 
constructed, with the pace accelerating since. On the 

sis tari basis of past performance, many trickling filters will still 

Pittsburgh 22, Po be operating as well 30 years from now as they did 
when first installed. And no other type is easier to add 
to if growth exceeds your original estimates. 


NATCO 


The most vital part of these trickling filters is the 
underdrain system. Failures here spell real trouble 
later. But when the floor is of TFFI Specification 
vitrified clay blocks this is guarded against. For it 
Connelton Sewer Pipe Co is inherent in clay to resist successfully the ravages 
of acids, alkalis and bacteriological action. TFFI 
clay underdrain blocks are made in modern plants 
under rigid controls of quality that no substitute 
material can even approach. (Only with them can 
you get a 50-Year Guarantee.) 





Demand Certified Underdrain Block 


Vitrified Clay Block manufactured by TRICKLING FILTER 
FLOOR INSTITUTE members and tested by the Materials 
Testing Laboratory of Rose Polytechnic Institute comply 
with or exceed ASTM Specification C 159-597 


Copies of this Specification are in the new 
Filter Floor Handbook Ask any member 
for your copy if you lack one 











TRICKLING FILTER 
FLOOR INSTITUTE 


Bowerston Shole Co 
Bowerston, Ohio 


TRANSLOT DICKEY 


Texos Vitrified Pipe Ce W. S. Dickey Clay Mfg. Ceo, 
Minerol Wells, Texos Konsos City 6, Mo 
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a AMERICAN-MARIETTA 


plants serve more than 85 percent 
of the U.S., assuring you of quick technical 
help when needed and fast delivery of such 
precast concrete products as 
@ ROUND PIPE: SEWERS, CULVERTS AND 
WATER PIPE 
ELLIPTICAL PIPE: HI-HED®, LO-HED® 
AND INNER CIRCLES? 


@ FLAT-BASE PIPE 


@ PRECAST AND PRESTRESSED BRIDGE 
BEAMS 


@ CRIBBING AND PILING 


@ BUILDING PANELS AND STRUCTURAL 
MEMBERS 


A ‘new heart’ 
for Debby 





DISTRICT OFFICES: 


Calif., Colton, P.O. Box 31 
“Mommie, I bet when God Colo., Denver 29, P.O. Box 3916 
made Debby He didn’t have Fla., Jacksonville 3, P.O. Box 234 
a good heart around. So He Ga., College Park, P.0. Box 209 
said to her, “Take this one. ill., La Grange, P.O. Box 391 
When you're five I'll tell a Ind., Lafayette, P.O. Box 537 
doctor to fix it like new’.” lowa, Sibley, P.O. Box 307 
These words bv 6-vear-old Mich., Grand Rapids 9, Box R-20 
Bobby Quinn on learning his N.M., Albuquerque, P.0. Box 1629 
little sister would need a heart N.Y., New York 7, 50 Church St 
operation, were prophetic. N.Y., Syracuse 6, P.O. Box 85, Eastwood Sta 
N.C., Charlotte 1, P.O. Box 10004 
Ohio, Columbus 15, 555 Furnace St 
Ohio, Marietta, P.O. Box 356 
Okla., Oklahoma City, P.O. Box 1024 
Ontario, Toronto 13, P.O. Box 160, Station H 
Penn., Norristown, P.0. Box 
Penn., Pittsburgh 25, 3000 Grand Ave 


Tenn., Memphis 8, P.O. Box 6833, Hollywd. St 


Using new knowled ¥¢ speeded 
by your Heart Fund gifts, 
surgeons did ‘“fix’’ Debby’s 
heart. She’s now a_ happy, 
healthy child, with a_ heart 


that’s good as new. 


Vermont, Windsor, P.O. Box 48 


>, HEART FUND West Va., Wheeling, 909 Hawley Bldg 
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A-M Flat-Base Pipe used in *120,000,000 
expansion of Chicago’s O’Hare Field 


Utility tunnel designed 
to withstand 100,000 Ib. 
jet wheel loading 


A jet landing strip must necessarily be 
level—virtually free of dips and cracks. 
That’s why A-M Flat Base Pipe was 
used for a watermain gallery beneath 
O'Hare Field’s runways as part of its 
multi-million dollar modernization pro- 


gram—because A-M Concrete Flat Base 





Pipe has the necessary rigidity to resist 
sagging and tight joints to prevent infil- 


tration. The result is a dry utility tunnel 





—a strong tunnel designed to withstand 


100,000 lb. jet wheel loadings with com- 





plete safety. 
Quickly installed, precast Flat Base 
Pipe can save as much as 30% in the 
construction of utility galleries, under- 
lation of this A-M Flat Base 
S. J. Groves, Chicago; Archi ys : ’ ; 
Naess & Murphy, Chicago holes. For full details write to: 


passes, cattle passes and utility man- 


Aa AMERICAN-MARIETTA COMPANY 
CONCRETE PRODUCTS DIVISION 
GENERAL OFFICES: 
AMERICAN-MARIETTA BUILDING 
101 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS, PHONE: WHITEHALL 4-5600 
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Attractive, Corrosion-Resistant Glazed-Tile 
Effluent and Water Treatment Tanks 


ioe. 


6 


Meticulous Workmanship. 


As the final step of construction, 
Stebbins workmen carefully wash 
down the exterior of the tanks 
with acid. 


In this view of tank floors under con- 
struction, note the clean, smooth 
joints — the mark of good workman- 
ship. Note the variety of tile shapes. 
Horizontal and vertical steel rein- 
forcing is shown in the walls which 
will be solidly filled with concrete as 
work progresses 


Complete Service — 


Design, Installation, Maintenance 
WRITE FOR BULLETIN AET-59 


Monutdefeeae Company 
WATERTOWN WY @ PENSACOLA. FLORIDA 


STEBBINS ENGINEERING CORP 2611 MARKET ST, SEATTLE 7. WASH 


CANADIAN STEBBINS ENGINEERING & MANUFACTURING CO., LTD 
TOWN OF MOUNT ROYAL MONTREAL 9 © MERCHANT EXCHANGE BLDG “VANCOUVER 





How to keep 
vacuum and water 


A brief Simplex guide 


22 to pipeline economy 


a as 


1. Prevents water hammer: Type CCAV 
Controlled Closing Air Valve protects 
against damaging ettects of surge and water 
hammer. Combines functions of an air inlet 
valve (vacuum breaker) and a controlled 
closing unit (to prevent sudden water stop- 
page and subsequent water hammer). 4” 
and 6” sizes. Capacities from 575 to 5980 
gpm. Send for Bulletin 1225. 


2. Removes excess air: Type AGFD Auto- 
matic Air Release Valve prevents stoppages 
due to air-lock at high points in line. Has 
large discharge capacity, excess power to 
insure opening of the valve against high in- 
ternal pressure. Can be equipped to hold 
vacuum, preventing re-entry of air into 
pipeline through valve. Furnished with 2”, 
1144” or 1” inlet diameter. Standard valve 
operates to 250 psig—special to 300 psig. 
For details, get Bulletin 1206. 


3. Protects sewage pipelines: Type “B” 
Air Release Valve, special for lines carrying 
sludge, removes entrained air 
and gases. Special trap catches sludge, pre- 
vents fouling of air release valve. Relatively 
simple back-flushing cleans out this trap, 
maintains top efficiency and _ protection 
Valve itself is same as Type AGFD. Details 
are in Bulletin 1206 


sewage Ol 


4. Provides three functions: Type AV Air 
Release and Air Inlet Valve performs three 
operations, combines great protection and 
single-unit economy: (1) Automatically re- 
leases accumulated air, (2) admits air to 
break vacuum, and (3) vents pipeline to 
permit escape of air when filling system 
with water. Standard units operate to 150 
psi. For full details, send for Bulletin 1205. 


5. Breaks vacuums: Type VAC Air Inlet 
Valve solves two serious pipeline problems: 
possible collapse of pipelines due to for- 
mation of vacuums—and stoppage of flow, 
caused by air binding when lines are being 
filled. Standard units have 4” to 10” inlet 
diameters, can be assembled in groups to 
do the work of one large, expensive valve. 
For 16 pages of detailed information, get 
Bulletin 1202 


SIMPLEX 


VALVE AND METER COMPANY 
a division of PFAUDLER PERMUTIT INC. 


Lancaster, Pennsylvania 
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Running coagulation tests in 
General Chemical's Technical 
Service Laboratory to deter 
mine alum dosage necessary 
for a water treatment blem 


WPCF 
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in. GENERAL 


oHemiCAL ALUM 


Another difference, is TECHNICAL SERVICE 


As the country’s primary producer of 
aluminum sulfate, General Chemical 
constantly helps customers solve 
technical problems involving the use 
of alum. Results? Improved efficiency 
and reduced operating costs for them. 
Here are some of the services our 
Technical Service Department offers: 
e Supplying basic information help- 
ful in planning design and installa- 
tion of storing, pumping, metering 
and feeding facilities. 

e Suggesting improvements to elim- 
inate existing storing and handling 
problems. 

e Providing chemists and operators 
with physical and chemical data nec- 
essary for the most effective use of 
alum. 


Basic to llied 


America’s Progress 


hemical 


e Assisting in laboratory tests and 
plant trials. 


e Running check analyses in our own 
laboratories. 


In water and sewage plants, our 
specialists provide valuable help and 
guidance on storage, handling and 
feeding problems, as well as the im- 
portant conversion from dry to liquid 
alum. They can help plant operators 
establish the best alum dosage. They 
recommend coagulation aids to im- 
prove flocculation in difficult water or 
waste treatment conditions. 


This kind of Technical Service is 
one of the reasons why General Chem- 
ical is a good company to do business 
with for your plant’s aluminum sulfate 
requirements. We will welcome the 
opportunity to serve you. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 








New YEOTRONIC* 
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NOW...No more 
Electrode 
Cleaning! 





fel ehage) 


... an exclusive feature of 
Yeomans Pneumatic Ejectors 


1) Only ONE 
FI Short Sensor 
*"\ No 
Electrode 
—,/ Cleaning! 
a 


Another Step Forward 
E-6033 


YEOTRONIC control replaces the dual-electrode system and its 


long, troublesome electrode with a single short sensor that requires no 
attention. 


YEOTRONIC is a major breakthrough in the electrical control of 
pneumatic ejectors. It is not a time-delay relay device . . . not a 
time-clock mechanism . . . but a modern transistor-operated unit de- 
signed to handle today’s wastes without fouling. 


YEOTRONIC is available at no extra charge on Shone™, Expelsor, 
and Packex® electrically controlled pneumatic ejectors. For complete 
details, call your Yeomans representative or write for formation. 


1999-7 N. Ruby St., 
Melrose Park, Illinois 
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How to Protect 
Concrete Sewers from 
Chemical Wastes 


Chemical wastes have no 
effect on concrete sewers when 
inverts are lined with 
T-Lock Amer-Plate® 


(lining exaggerated in 
proportion for clarity) 


T-Lock Amer-Plate is a high polymer PVC sheet, easily cast 
into pipes, tunnels and structures to form a partial or com- 
plete 360° protective lining. Used in inverts, it permanently 
protects concrete from corrosive chemical effluents. In arch 
areas, it positively stops oxidized H.S corrosion. T-Lock is 
also highly abrasion resistant; impartial tests show that it 
abrades at only 1/70th the rate of concrete. 

The fact that T-Lock ends erosion and corrosion problems 
in industrial and municipal sewer systems is attested to by 
more than five million square feet now in use. Write for 
complete data on this maintenance-saving lining before 
designing your next sewer. 


Applicators strategically located throughout U.S. and Canada 


R 


fete} ie]. 74g 2), | 


Dept. SK @ 4809 Firestone Boulevard @ South Gate, California 


921 Pitner Ave. 360 Carnegie Ave. 2404 DennisSt. 6530 Supply Row 111 Colgate 
Evanston, Ill. Kenilworth, N.J. Jacksonville, Fla. Houston, Texas Buffalo, N.Y 





NEW SUTORBILT 
SERIES 3200 
BLOWERS DELIVER 
HIGHER VOLUMES 
IN HEAVY DUTY 
SERVICE 





The toughest high volume air and gas handling jobs are easily handled by 
new Series ‘‘3200’’ Sutorbilt lobe-type rotary positive blowers and gas 
pumps. One-piece shafts, precision machined helical timing gears and the 
special Sutorbilt timing hub are just some of the features carefully 
engineered into these new units for continuous, heavy-duty service and 
low maintenance operation. 


Rated from 800 to 20,000 cfm at pressures from 2 to 10 psi, this new line 
is available with timing gear diameters from 10” to 22”. Standard 
equipment includes machined sub-bases, a reversible oil pump with an 
oversized sump that eliminates an oil cooler at ambient temperatures up 
to 125°F and lip-type oil seals (mechanical seals in gas and vacuum 
pumps) that effectively prevent leakage or gas contamination. 


Write today for your free copy of illustrated bulletin giving complete 
specifications, Department E. 


Representatives in principal cities. Consult your classified telephone 
directory. 


FULLER 
CORPORATION, 2966 EAST VICTORIA ST. « COMPTON, CALIF 


SUBSIDIARY OF FULLER COMPANY e@ CATASAUQUA, PA 


) 45 WEL Bunt 





JOURNAL WPCC 


WATER, SEWAGE AND TRADE-WASTE 
TREATING EQUIPMENT 





RECTANGULAR CLARIFIERS 


Especially suited for limited spaces or where sludge 
delivery is desired at one end of the tank. A travel- 
ing scraper and skimmer carriage removes settled 
solids from the tank bottom and scum from the top. 


\ 


FLOCCULATING UNITS 
Slowly rotating paddles on vertical shafts bring 
the small flocs into contact to form larger masses 
and hasten precipitation. 





CIRCULAR CLARIFIERS 


Hardinge Circular Clarifiers are available in sizes 
up to 200’ diameter, either center-column or beam 
supported for steel, concrete, wood or tile tanks. 
Sludge scrapers remove settled solids rapidly 
through central underflow discharge 





“AUTO-RAISE” THICKENERS 


For removal of fine suspended solids from supply 
water, waste water and sewage. ‘‘Auto-Raise’”’ 
mechanism prevents scraper breakage. Manual 
or power raise supplements ‘“‘Auto-Raise.” Re- 
placeable ring-type ball bearing support for rotat- 
HYDRO-CLASSIFIERS ing mechanism. Spiral rakes for maximum under- 
A large-volume classifier for rapid separation of flow density. 
coarse and fine suspended solids. Frequently used 
for by-product recovery from waste water. 





Tuwuk sulg 
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AUTOMATIC BACKWASH FILTERS 
DIGESTERS 


For high removal of non-settling or slow settling 

suspended matter Self-cleaning sand bed. No Sludge scrapers and scum breaker arms prevent 

shut-down necessary for backwashing. Traveling scum accumulation, insure uniform gas production. 
Emit a dense digested sludge. 


backwash mechanism 
Write for Bulletin 35-D-16 





NEW YORK 

HARDINGE TORONTO 
CHICAGO 

HIBBING 


COMPANY, INCORPORATED PA 
Main Office and Works * 240 Arch St., York, Po SAN FRANCISCO 
HOUSTON 


LAKELAND 
BIRMINGHAM 





““Hardinge Equipment—Built Better to Last Longer.’’ 
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“AN OUNCE OF 
PREVENTION IS WORTH 
A POUND OF CURE!" 


This is especially true of your com- 
munity’s sewer lines. The repeated 
doctoring of sick sewers is an expen- 
sive proposition . . . often doubling 
and tripling original costs. You can 
prevent this problem by specifying and 
installing Vitrified Clay Pipe. 

Chemically-inert Clay Pipe is the only 
pipe not affected by the corrosive 
action of household and industrial 
wastes. It does not rust, rot, corrode, or 
disintegrate. And, in lines deep down, 
Extra-Strength Clay Pipe takes the 
extra burden of heavy backfill loads. 


Clay Pipe is backed by an exclusive, 


written guarantee. Only Clay Pipe 
offers all the features you can trust for 
protection against all causes of sewer 
failure. Jt never wears out! 


eee aay", ie 


oe asad CUAW BIIPE Tower, Wins Out 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1820 N St. N. W., Washington 6, D.C. 
311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio » 445 Ninth St., San Francisco 3, Calif 
Box 172, Barrington, Illinois » 1401 Peachtree St., N. E., Atlanta 9, Georgia 
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Large population increases in the area 
around Merced, California, made it 
necessary for that city to institute a 
sewage expansion program. More than 
8 miles of Armco AsBEsTOS-BONDED 
SMOOTH-FLO™” Sewer Pipe was used on 
the job. 

Photo shows a section of SMOOTH- 
FLo being installed in Merced. Note 


WPCF 


Merced, California, installs 
eight miles of Armco Pipe 


the relatively narrow trench, reducing 
excavation and backfill. Water covered 
the trench bottom while pipe sections 
were joined 

For complete information about 
Armco Pipe and how it can serve you, 
write Armco Drainage & Metal 
Products, Inc., 6390 Curtis Street, 
Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 





Subsidiary of ARMGO STEEL CORPORATION 


OTHER SUBSIDIARIES AND DiviSiONs: Armco Division * Sheffield Division * The National 
ply Company « The Armco International Corporation « Union Wire Rope Corporation 





Owner: City of College Station, Texas 

Engineers: Homer A. Hunter Associates 
Dallas, Texas 

Design Flow: 0.52 MGD 

Lakeside 

Equipment: 2 — 24’-0” Spiragesters ‘- 
1 — 120-0” Rotary Distributor j 
1 — 35’-0” x 9’ SWD Spiraflo Clarifier sno 


SPIRAGESTERS are used singly for projects 
under 6000 P.E. They give superior results with the 


minimum of operating skill. Construction and op- j | | 
erating costs are among the lowest. Plant expansion 

available by adding another Spiragester or easily if ht \| | 
converting the tank to a digester. Spiragesters are l L d 


now installed throughout the U. S. Also Canada and 


ENGINEERING CORPORATION 


rei ies ; at College Stati uakeside 
foreign countries. As at College Station, Lakeside 229 Weer nea Diddide &. Wincis 


provides trickling filter and Spiraflo final clarifier 
equipment for a complete treatment plant. Write for 
Bulletin 100. 





JOURNAL WPCF 


New MONODECK’ floating cover 


} sas 


~— 1 1QUID 
a VEL 


—-— CONCRETE SHELL 


“VORTI MIX" 
CIRCULATOR 


EQUALLY SPACED CORBELS (OPTIONAL) 


s SEE DETAIL A-A 


_ GAS LINE DRAIN SUMP eS 
- 


' 
' 
i 
' 
i 


FLEXIBLE HOSE 7 
DRAIN ‘ 


SECTIONAL ELEVATION 


cuts costs—incorporates 


improved structural and operating features 


By exclusive arrangement with General 
American Transportation Corporation, INFILCO 
offers the **MONODECK' 
sludge digesters in a full range of sizes. This 


floating cover for 
cover, designed by Wiggins, offers the same 
basic structural features which have been 
incorporated in the 214 foot diameter gas 
holder for the City of Long Beach, California 
The essential features and advantages of the 

INODECK : 
1. It is a statically detern 


type cover are 

nate structure in 
which the weighted pont Ss a Structura 
member designed for torsion, bending and 
compression 

2. Its design is simple. Rectangular plates are 
field-welded into a single deck to which a pro 
tected insulation is directly applied. The pon 
toon structure with single roller guide banishes 
possible side thrust on the tank wall 

3. The “plate and pontoon’ design minimizes 
tip and makes submergence impossible 


4. Up to 60 feet in diameter, the ‘‘MONODECK"’ 
cover can be assembled complete outside the 
tank and lifted by the contractor's crane into 
position. Tank and cover can, therefore, be 
constructed simultaneously. Savings in erec 
tion costs may be as much as 50% on the 
larger covers 

5. The elimination of trusses between cover 
and roof removes the explosion hazard and 
reduces the dead load to 15 pounds per sq. ft. 


PROMPT DELIVERY AT LOW FREIGHT COSTS 
FROM SOURCES IN EASTERN, MID-WESTERN, 
SOUTHERN, MOUNTAIN AND WESTERN STATES. 


For more complete information, write 
today for bulletin 6723 


INFILCO, INC. 
Genera/ Offices 
aa Slet—le), me... irde), 7 .\ 


Field offices throughout 
the United'States and in 


et Le 


# TRADEMARK 
442-60 


214’ diameter single plate design for 
gasholder at Long Beach, California. 
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Low-cost FIBRE PIPE forms 
surge pond line 


30” I.D. 


USE STRONG, 
CORROSION-PROOF 





PITCH-IMPREGNATED 


PIPE 





Here, corrosion resistant P. I. PIPE was used to form the effluent line 
for a surge pond . . . the first stage of a paper mill waste disposal 
system. 


P. I. PIPE is a new development by Sonoco—the only fibre pipe 
made in I. D.’s to 36 inches! Because it is impervious to the action of 
strong chemicals and requires no mastic coating or special treatment, 
P. I. PIPE is particularly valuable for industrial waste disposal sys 
tems. It combines this high corrosion resistance with great strength, 
light weight, and ease of installation to provide an excellent pipe 
for all types of gravity flow lines where the maximum head does not 
exceed 20 feet, and for industrial venting 


Strong, tough P. I. PIPE is composed of many 
tightly bonded together and impregnated with liquefied coal tar pitch 
In any diameter you order, the thickness of the pipe wall can be 
varied to meet specified crushing strength requirements. This means 
a better, more economical installation 


lavers of quality fibre, 


Save labor, save replacements, save money . . . use low-cost Sonoco 
P. 1. PIPE... newest development in fibre pipe! 


For complete information and prices, write 


SONOCO 
Construction Products 


SONOCO PRODUCTS COMPANY + HARTSVILLE, S. C. 
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New! Dorr-Oliver 


INKA AERATION SYSTEM 


The first truly different approach to activated 


sludge aeration in the last 30 years 


A high turbulence bubble zone provided by corrosion proof, clog- 
resistant aeration grids of radically new design now makes possible 
greatly increased oxygen absorption rates for more efficient biologi- 
cal treatment of sewage and industrial wastes by the activated 
sludge process. 

The D-O INKA system is an exclusive development, based on a 
new principle of operation. It not only offers higher oxygenation 
capacities but also high circulating velocities that promote optimum 
mixing conditions. Simple, low pressure fans are used rather than 
conventional blowers. No air filters are required. Oxygen transfer 
rates from 10 ppm to 150 ppm per hour and higher are feasible. 
Power costs range from 0.20 Kwh to 0.45 Kwh per pound of oxygen 
dissolved, depending on transfer rates. Construction and mainte- 
nance costs are low. For full details, write for Bulletin No. 7317 to 
Dorr-Oliver Incorporated, Stamford, Connecticut. 


DORR-OLIVYEF 


WORLD-WIDE RESEARCH * ENGINEERING * EQUIPMENT 





Sewage Works 


DEWATERING RATES FOR DIGESTED SLUDGE IN 
LAGOONS * 


By EpGar 


Sanitary Enainee 


Digested 


nally 


sludge lagoons were origi- 


considered temporary sludge 
storage devices: however. it was found 
that with prolonged storage a lagoon 
became an effective drying unit. Since 
the 


dewatering 


they provide one ot more eco- 


di- 


used 


nomical methods of 


vested sludges they are being 


frequently 


in place of other dewater- 


ing methods. Research is expected to 


improve methods of design and opera- 


tion and minimize the disadvantages 


associated with digested sludge lagoon 
operation 
Some of the questions confronted in 


lagoon design concern lagoon area, 


depth, drying time, and loading rates. 
The 


study 


investigated in this 
depth of 
layers on the ultimate dewater- 
and the effects 


main tactors 


were the effects of 
sludge 
ing rates by drainage, 


of transpiration on sludge drying 


rates. Previous investigators, including 
Babbitt (2), Rudolfs and 
, Haseltine (4), Bubbis (5) 
Neuspiel (7), and 
factors affeeting 


Downes (] 
Cleary (3 
Lundesguaard (6 
Al-Ani (8 


dewatering 


studied 
rates of sludge 


supported 


on sand and soils 


Effect of Sludge Depth on 
Dewatering Rates 
The effec 


permeability of 


‘ts of sludge depth and the 
the previously de- 
Waste 
Ind. ; 


Industrial 
I if 


avette, 


rind, 


A. JEFFREY 


University of Missouri, Columbia, Mo. 


dewatering 
the laboratory 
Figure 1, Sheet 


metal pipes were used as the lagoons. 
Piezometers 


posited sludge on rates 


were investigated in 
lagoons shown in 


were placed at various 
levels and were used in certain of the 
tests. Plastic bag ccvers and the se- 
lected water table the 
siphon and siphon breaker, were used 
to prevent evaporation from the top 
and bottom of the 
spectively. The lagoons were operated 


maintained by 


sludge layer, re- 
at the constant sludge depths and with 
the supporting listed in 


Table I. 


Lagoons 57-62 


materials 


the 
transpiration studies, constituting an- 


were used in 
other phase of the study to be discussed 
later. 

The normal procedure in treatment 
plant operation is for digested sludge 
to be loaded on a regular 
time increments, as determined by the 
the 


layer of 


lagoon at 
solids accumulation in digester. 
Each ineremental 
added to the 
tinuously to drainage and evaporation. 


sludge 
lagoon is exposed econ- 
During severe winter months, however, 
it is possible that sludge loaded on the 
lagoon will freeze and accumulate, and 
when it thaws the dewatering 


rate re- 


flects the condition of a lagoon initially 
loaded with sludge to the frozen depth. 
To simulate this condition in the lab- 
oratory, relatively large initial sludge 
depths used, the 
were operated as constant head lagoons 
at these depths. They loaded 


were and lagoons 


were 


1153 





= 


; 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





LAGOONS 31-37 
PIE ZOMETERS ON NQ 37 ONLY 
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LAGOONS 
PIEZOMETERS OM WO 7 ONLY 


FIGURE 1.—Details of units used as laboratory 
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Details of Sludge Lagoons 











DRAINAGE DETAIL 
LAGOONS 70-71 





Se/sterec 
copper fube 


4 Comper tube 


PIE ZOMETER TAP DETAIL 


Rubber hose 











‘i C Crmped ord Se/dered 
ee 


L = 
70 = j 


7/ 
PIE ZOMME TERS ON 70 AWD 7! 


DRAINAGE DETAIL 
LABOONS 1-37, SF62 





GOONS 57-62 
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sludge lagoons. 


1957, to the 
June 24, 
depth, 
August 24, 
loaded 


mainder of 


hitially 
depths On 
they we same 
after until 


thes 
the r 


and we 
1957, 


every 


were 


the run idvge from the lowa City, 


lowa., digester was used for 


Seco! 


the first operation, and 


months’ 





SLUDGE 


Cedar 
ondary digester for the duration of the 
run. A the 


weight of each 


from the Rapids, lowa, see- 
Was maintained of 
added to 


quantity of liquid 


record 
solids 


the 


dry 


and of 


iMaLfoon, 
discharged during each loading period. 
Total and volatile solids analyses were 
according to 


made the sludge 


‘Standard Methods’’ (9 


on 


Results 


The ave 


at each depth for each loading period 


rates obtained 


rave discharge 


are shown in Figure 2. Each point is 


rate for the seven lagoons 


The 
three 


the average 


in the series erratic 
the 
except for the 2-ft depth series. 


Thereafter, they 


rates are 


! 
during first weeks of opera- 
tion 
reduce at a decreas- 
maintain their 
to depth. After 35 


veeks of operation, the curves become 


uniform rate and 


ing 
positions relative 

straight horizontal lines. 
the 
to 


practically 
When 


converted 


units for these curves are 
foot 
of slude depth and are plotted on 
log-log paper, in Fig- 
figure indi- 


} The 
20 days of 


drainage rates per 


they appear as 1 


ure eurve in this 


that after the first 


cates 


operation, the drainage rate 1s propor- 


tional to depth After 250 days of op- 


eration, the discharge rates remain pro 


portional to ut their variation 


depth, | 
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with time is not the same. The cause 
of this change in slope is not known, 
but reflected all 
three depths. 


its influence is in 

The relative importance of the first 
three weeks’ drainage is apparent when 
noted that 


discharge for Lagoons 31 to 37 was 23.8 


it is the average recorded 
| during the first 27 days of operation 
and 28.5 | for the following 175 days. 
The discharge then, during the first 27 
day s, was 46 per cent of the total dis- 
charge for 200 days. 

The total average quantity of sludge 
added to each lagoon during the first 
year’s operation was proportional to 
Actually, 2.4 ft of wet sludge 
was added per foot of lagoon depth at 
2-, 4-, and 6-ft lagoon depths. 
constant 


depth. 


This is 
for a head, sand-supported 
with using a 
ot 
total solids. 
(21-27 
period, and accommodated 90 per cent 


did the 


lagoon, no evaporation, 


sludge approximately 8-per cent 
The soil-supported lagoons 
operated over the same time 
as much sludge 


sand-sup- 


as 


ported lagoons. 


Transpiration 
The effect of transpiration was de- 
termined by measuring the difference 
from lagoons 


To- 


in the moisture removed 
with and without plant growth. 
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FIGURE 2.—Average discharge rates for various depths during first 40 weeks 
of operation. 
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Water 
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content of slud is much greater than 
this, and corres] ller sludge 
depths will s Ippo 
Lagoons 57 


were 


loaded wit! 1957 


3.—Average discharge rates per foot of sludge depth 


and treated with the other 
November 
loaded 


Dewatering 


dentically 
1 to 37 


they 


agoons until 


1957. whe 


sludge for 


were with 


{ 


last time 


by drainage was allowed until May 6, 
1958, to produce a dry enough 
On May 6, 


placed na 


sludge 


to support vrowth 


tour lavoons 6? were 


sunny loeation, and the plastie bag 


] 
eovers were removed to allow 


evapora 


tion. Lagoons 57 and 5&8 were retained 


as control COOLS with 


no evaporation 


seedlings 


On June | tomato 


were 


planted in Lag 


had 


] 


iMavoons 


A erust 
these 
add 
the 
Equal quantities 


oons 61 and 62 


formed at the surface of 


and Was necessarv to 
water so the plants 


; 
| could survive 


41 


initial growth 
of water 
all 
the 
could supply the plants with moisture 


from the sludge. A 


period 
added 


This was continued 


were 


periodically to 
until 


] 
lagoons 


root growth had and 


cle \ eloped 


efontimuous record 





Vo SLUDGE 


Was maintained of the quantity of liq- 
uid discharged during the run, and of 
the added the 
months 

The 
termed 


1 to 


tember 


water during sulmmer 


erowth at its best 


be 
The tomatoes grew 
On Sep- 


could not 
luxuriant 
]! 


» in 
the 


to in diameter. 


2 experiment was ended 


and sludge samples were taken from 
of each 
volatile 


At the same time, root pene- 


each 


section 


total 


quarter sludge 


column. for and solids 


analyses 
trations and terminal 


sludge depths 
were noted 

The 
illustrated 
The 
tion of moisture content computed from 
the 
t Was computed 
») 


of 


vraphically 


results this experiment are 


1 


figure is the varia- 


in Figure 


solid line in the 


material balance Kor lagoons 


with no evaporation 1 
to be 74 per cent on and 


to 


September 


by sampling it was determined be 


The terminal 
moisture content of the pair of lagoons 


77 per cent average 
with evaporation Was 60 per cent, and 
$5 the of 
with and transpiration. 


59-62 are dotted 


per cent for pair lagoons 


evaporation 
The lines for 


Lagoons 


100 
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from May 6 to September 2, because 
the daily loss of moisture to the at- 
mosphere by evapo-transpiration was 
known. balance, 
the to the 
atmosphere by evaporation and = tran- 
spiration was computed to be 11.4 and 


6.7 in., respect ively. 


not By a material 


however, net moisture lost 


The total evapora- 
tion from a ‘‘free water surface”’ 
the period in, 
cording to the United States Weather 
Bureau weather station located on the 

of the Iowa City treatment 
The 11.4 in. was 44 per cent of 
free 


over 


same was 25.73 ac- 


erounds 
plant. 
the 
This is more than the 30-per cent figure 
(6), but 
of the ey- 
produced 
normal evaporation 
and accounts for this difference 
the of 
terminal moisture content with depth. 
It indicates that 


duces a sludge mass of uniform mois- 


water surface evaporation. 
reported 
the increased surface area 
lindrical 
than 


by Lundesguaard 


lagoons probably 
more rates, 


Figure 5 shows variation 


drainage alone pro- 
ture content and that evaporation ef- 
fects primarily to the 
upper 6 in. of sludge, below which the 


are restricted 
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FIGURE 4.—Variation of moisture content with time and the effect of 
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FIGURE 5.—Terminal moisture content. 


moisture content increases rapidly with same; 2.4 lb of dry solids 


per square 
depth. The lagoons subjected to evap 


foot per 30 days of lagoon operation 
oration and transpiration were drier based on 60 weeks of operation 
at every depth rom the moisture This is comparable to the 
contents indicated in Figure 5, the 


loading data 
given by Haseltine (4) and Downes 
quantity of water r ed by tran ] 

spiration may be pr l as a per ; 

cent of the total water ren oved by Discussion 


evapo-transpiration These pereent Tomato plant growth more luxuriant 


ages are 9, 46, 77, and 29 per cent at than that attained in this investigation 
the lh, ve We an 4 lepths respec would remove more moisture: perhaps 
tively. Thess pe are inherent. even more 


significant results could be 
in the data given in Figure 5 


obtained by using plants of the grain 


The loading for all lagoons is the family, such as alfalfa, which have a 
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relatively high 


need for 


transpiration ratio. <A 


more research along these 
lines is indicated 

To make the necessary computations 
certain conditions must be supposed to 
the field. One 


existence of pervious supporting mate- 


exist in condition is 
Native soils may be improved by 
sand-filled 
include under- 
these 


rial 
providing interconnecting 


trenches which may 
drained from 


high BOD (11 


should be treated accordingly. 


drains Liquor 


trenches has a and 
Another condition is satisfactory ge- 
The width 
limited to twice the easting 
that is to be 
will be 
equipment 


desien lavoon 
should be 
of 
for exeavation, so that ‘it 
for 


enter the lagoon during the sludge re- 


ometrie 


radius the drag line 
used 
unnecessary heavy to 
moval operations 
of the 


should be arranged for uniform sludge 


The general shape 
lagoon and the method of entry 
distribution. Placement of a decanting 
manhole 


the 


at the end of the lagoon op- 
that 


inlet is advisable 
be drained off. 


The proposed operation of a digested 


posite 


I 
supernatant 


SO 
may 
sludge lagoon involves a_ three-year 
The 
lagoon is loaded for a vear, allowed to 
18 months, cleaned, and then the 
supporting 


cycle commencing in November. 


dry 
material is ‘‘rested’’ for 6 


months. This necessitates the use of 3 


lagoons and provides ample operating 
The in 
November, so that after a year’s load- 
the 
sludge to dewater to a solids concentra- 
that the 


flexibility loading is started 


ing, sufficient time remains for 


tion will support growth by 
following spring 

Kor an example, let 20,000 cu ft of 
total 


discharged to a lagoon each 


digested sludge, at S-per cent 
solids, be 
month Assuming a specific gravity of 
1.0, there 100,000 Ib of dry solids 
added to the lag The 
November, and 


( etober. 


are 
oon each month. 
loading is to start in 
through Assume 


the 


content 


eontinus 


that at end of this period, the 


moisture has heen reduced 10 


S0 per cent by drainage only. Evap- 
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oration is though the 
moisture removed may be 30 per cent 
of that removed from a free water sur- 
The ter- 
minal volume is then computed using a 
specifie gravity of 1.0, which is a con- 
servative figure. 

The desired lagoon length and area 
obtained 


ignored, even 


face over the same period. 


desired 
sludge depth at the end of the first 
operation. With the depth, 
width, terminal volume, and moisture 
given, the length and area of 
the lagoon may be computed, as well as 


are by assuming a 


year’s 
content 


the inches of water remaining in the 
sludge. By assuming no evaporation 
in designing this lagoon, any evapora- 
tion that does oceur results in the de- 
velopment of a free board that may be 
considered a safety factor. 

Through the following year, to Oc- 
tober, evaporation will remove approx- 
imately 30 per cent of the moisture 
evaporated from a free water surface. 
The latter figure may be obtained from 
the U. S. Weather Bureau. During 
this period, transpiration will account 
for the of at least 6 in. of 
water, for luxuriant plant 
erowth. 

The water remaining in October can 


removal 


or more 


be computed, and since the weight of 
the dry solids initially added to the 
lagoon constant, 


be 


remains practically 


the terminal moisture content can 
computed. 

Following through the steps listed 
above, the actual calculations are made 
and the lagoon dimensions become 50 
x 480 x 4 ft. 


oon ie 
IS 59S In. 


Equivalent water depth 
Assuming an average annual 
evaporation rate of 40 in., during the 
first year 12 in. 
this 


would be removed by 


means and'6 in. or more would 


be removed by transpiration. 


At the end of the second year mois 
ture per cent and the 
depth is 2 ft. At this time, the sludge 


may be removed or it may be desirable 


content is 67.5 


to retain it in the lagoon until spring, 
at which time the loading would be 1.4 
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lb dry solids per square foot per 30-day — Assistant, and Melvin F. Neuzil, Plant 
loading period Superintendent 
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EFFECTS OF ANIONIC SURFACE ACTIVE AGENTS 
ON WASTEWATER TREATMENT UNITS 


By Grorce W. MALANEy, 


ssor of Bacteriology, Rese 
Ohio 


s Center 


Even after 15 


tensive 


years of in- 
research there is some disavree- 


ment as to the effects of svnthetie 
detergents on the physical and biologi- 


cal 


sewage Treatment svstems 


conventional 
The ability 


of these treatment processes to elimi- 


processes making 


up 


nate syndets has also been the subject 
Attention 
the 


detergent 


of numerous. studies has 


been centered largely on surface 


active component of the 


formulation. However, many of these 
interpretations were 


de- 


higher 


studies and their 


based on results obtained with 


tergent much 


than 


concentrations 
will be 
domestt 
Moreover, i 


the S\ ndet was added at the 


encountered im 
the 


ordinary 
foreseeable fu- 


sewave i 


ture most of these ex 


periments 


plant or laboratory, and there is no 


assurance that such additions will have 


the same effect on a viven treatment 


unit as the same amount of 


the 


would 


syndet entering the system at 
soures 
This 


age treatment 


paper discusses effects on sew 


units of those concen- 


trations of synthetic detergents which 
are normally present in domestic sew- 


Kor 


chemical 


period of two and one-half 
analy ses were carried 

f anionic surface 
‘aw sewage and in 


under treatment at various 


points throughout the pilot waste treat 
the effi 


activated 


ment pli Concurrently, 


cleney of primary settling, 
trickline filter 


{ , ve 


rms 0 ended 


treatment 
BOD, 
determined. 


sludge, and 


in te solids, 


and COD 


Was 


use OT variati in 


sewage char 


WaLpron JD. 


The 


SHEETS, AND JuUbyY AYRES 
Technical 


s, Ohio 


Professor, 


Columbu 


arch and 


State University, 


acteristics, the data were subjected to 
statistical analysis. 
Pilot Plant 


the 
shown 


A simplified flow diagram of 
pilot waste treatment plant is 
in Figure 1. 


Raw 


The average flow was 50 
sewage is obtained by 
the Olen- 


tangy- Scioto interceptor sewer which 


pumping from municipal 


collects wastes from a residential area 
The 
marily domestie, with some admixture 

light 
stores, ete. Rain 
dilute the 
in the interceptor, which is a combined 


of Columbus. wastes are pri 


of wastes from industry, res 


taurants, retail and 


melting snow often sewage 
sewer, 

At the pilot plant the sewage enters 
into 
The tank, 
designed for a 2-hr detention period 
at 90 gpm, is 
and 19 ft 
of 6 ft. 
surface overflow 


a weir box from which it passes 


the primary settling tank 
rectangular, 7 ft wide 
long, with a water depth 
dimensions provide a 
rate of 540 gpd sq ft. 


These 


The sludge is removed manually twice 
tank, the 
sewage to the 
trickling filter, the trickling filter well, 
and finally to the 
(b) directly to the aeration tank 
The trickling filter 
of 14 ft and is equipped with a rotary 
distributor. The filter 
lected 214, to 4-in 
depth of 6 ft. The 
12 by 33 ft 


a day. From the primary 


passes a In sequence 


aeration tank: or 


has a diameter 


; , 
meaiubi is se- 


limestone, with a 


aeration tank Is 


rectangular, long, with 


a liquid depth of 9 ft, and is equipped 


with carborundum air diffuser tubes 
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FIGURE 1.—Flow diagram of pilot waste treatment plant. Numbered circles 
represent sampling points. 


The tank has heore al detention reference sample of alkyl benzene 

time of 6 hi sulfonate The sample contained 39.4 
The mixed liquor fr he aeration per cent ABS, the balance con 

tank flows int he final settling tank — sisting of sodium sulfate and 

from which the effluent is discharged sodium chlorid The ABS was a 

into a sewe ‘he activated sludge mixture of isomers represented by the 

settling out in the fin tank is re 

moved continuoushy is pumped formula, CyoH SO;Na 

back to the influent end of the aera 

tion tank 10) tf the settled The branching of the alkyl group Was 


sludge is pun to the gester when — not definitely established. Sulfonation 


necessary was probably mainly para to the alky] 
chain. The surface active material 
Sampling and Analytical Methods had an average equivalent weight of 
300.0 

The BOD and COD of the waste 
samples were determined by the stand 
ard 5-day BOD method (2) and the 


dichromate reflux method of Moore ef 


Samples of ray Wage, primary 
effluent, settled trickling filter effluent, 
and settled aeration ink effluent were 
collected i the oint ndicated in 


Figure J cach daily sample was a : 
a ' al 3), respectively Analysis for 
P4-hr con posite oO! ortions collected 14 ‘ ; 
; suspended solids was that recom 
manually every hr | sampling vie 
: . ’ a mended by Standard Methods 

day began at \ and ended at ¢ AM 7 

the following yrnins amples were 


blended pr Experimental Results and Discussion 


The concentrations am Newmade 
and sulfonate anionie surface acti 
aeents ASAA were eter 1e The concentration of ASAA in the 
some or all of these d raw sewage was determined on each 
175 davs wit Baier we f the 175 sampling days A sum- 
28S months 

( ommit 
were those ce 


ealibration 





SURFACTANTS 


mary of the experimental results are 
given in Table | as monthly averages 
and concentrations. 
The 
tween 0.5 
highest 


ranges of daily 
ASAA_ values 
11.4 mg/l. 
concentration of 
the 
entire sampling period was 11.4 mg/1. 
The ASAA econcentra- 
tion The high month 
was October and the low month, Janu- 


varied be- 
the 


ob- 


daily 
Thus, 
ASAA 


sewage during the 


and 


served in raw 


mean value of 
was 6.4 meo/\. 
ary although unequal numbers of sam- 
ples per month make such comparisons 
of questionable value 

The observations showed no increase 
in ASAA the 
than two years, suggesting that a peak 


had 


concentration in more 


in syndet sales and use been 
reached. as predicted } 
In Table IL the ASAA 


presented by the day of the 
During the 


concentra- 
Tions are 
week 15 weeks for which 


complete sets of data are available, 


Monday most often showed the highest 
concentration of ASAA for the 7 day 
period, 


followed in frequency by 


Saturday and Tuesday, in that order. 


J.0 ng I, 


TABLE Il. 


AND 


Averages showed a low on Sunday of 


with a jump to a high of 
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TABLE I.--Concentration of Anionic 
Active Agents in Raw Sewage 


Surface 


Monthly Range 
No Monthly 
Sampl ieee 


Oct. 1955 
Nov. J 
May 1956 
June 

July 

Aug 

Sept ‘ 
Oct. 1957 
Novy ° 

Dee. | 
Jan. 1958 


Feb. af 


Total or 
avg 


7.7 mg/l on Monday, followed by a 
eradual until Saturday 
when 


tapering off 
again showed 
Croft aust 
)) have reported similar fluctuations. 


the concentration 


a marked increase. and 
Evidently Monday retains its position 
as wash-day of choice or habit 
Saturday 


but is 
being challenged by 


Concentration of Anionic Surface Active Agents in 


Raw Sewage by Day of the Week 


14. 1956 
2s 


1] 


—> x 


oH = me O08) 


tion during that week 
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ONCENTRATION OF Anionic SurFace-Active AGENTS, ma/! 
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FIGURE 2.—Concentration of anionic surface active agents at various 
points in the treatment plant. 


ASAA 


On about a ill les of 


raw sewave, i i eration 
tank effluent, and trickling filter efflu 
ent (when inalyzed 
for ASAA 
types of re 
of the 


of the vear ar in Kigt 7 It 


eneral 
portion 


data fron he various seasons 


Cah be seen thé ren oval 


efficiency ot he nent WnIts 


Was 


quite variabl ilter and 


the aeration 


SLIGCASS 


ful in 
ASAA 


figure Is the 


least 
A striking 


removing at part of the 
feature of the 
frequeney with whieh 
the settling tank 


ASAA 


merease i 


not only did not re 
move but actually contributed 
to an that component 

The over-all mean removal of ASAA 
as the sewage passed through the plant 
was 33.8 per cent when the 
only biological 


ploved 74 lay The 


creased to 


aeration 


tank was th unit em 


removal in 


per cent when the 


trickling filter and aeration tank were 
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TABLE III.—-Anionic Surface Active Agents and Purification by Primary Settling 


ASAA Remova isp. Solids Removals 


Hi 
per cent 


Oct. 1955 ) ' 5 4* ‘ 28 ()* 
Nov J F 32.3 
Ma 1956 2.67 57 $1.4 
50.0 
38.6 
38.5 
534.6 
56.3 
54.2 
61.9 


f results for that month. 
1 indicates a higher concentration in effluent than in influent 
eries (22 days). This months. On 41 of 95 sampling days 
series operation had to be discon- the content of ASAA was higher in 
tinued because of a deterioration in the effluent than in the incoming raw 
the activated sludge treatment, pos- sewage. At the same time, there were 


sibly as a result of a food deficiency only 4 days in whieh the SS showed 
sludge microflora produced by an increase during settling. In only 
ling filter removal of BOD one of these four cases did the ASAA 
increase with the SS, indicating that 
the increase in ASAA_ concentration 


obtained on observa- was not directly related to failure of 


LA oon Primary 


in the primary tank the sludge to settle. Keefer (6) re- 

omposited and are presented in corded similar phenomena for a lim- 
as mont ly averages The ited series of observations. Ile ob- 
mean removal was only 0.3. tained an over-all reduction in ASAA 
Dur 


all SS removal was only 40.1) but on two of the five sampling days 


i the same period, of about 14 per cent during settling, 


per cent The maximum average there was an increase in ASAA during 


monthly ASAA removal was 12.2 per — passage. 


cent; however, on several occasions The raw data were analyzed sta- 
the monthly avera showed an in- tistically by means of coefficients of 
in ASAA during the primary linear correlation (7)(8). Various 

The trend seemed to be combinations of treatment parameters 

uuild-up during the warmer were analyzed as paired variates. For 


TABLE IV.—Correlation of Parameters of Primary Settling 


sremoval (mg/l! 0.088 
sremoval (% 0.202 
‘removal (mg/! 0.102 
removal (mg/I 0.113 


‘removal (% 0.033 
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TABLE V.-—-Anionic Surface Active Agents and Purification by Activated Sludge Treatment 


1D Rex 


ink influent as 


month 


example ASAA 1 val (me \ moval are shown in Table IV. There 

tested for possible cor tion was no significant correlation between 

removal 
Possible 


coefficient of linear corre ion range 


any of these variate pairs. In other 
words, increased solids removal in the 
primary tank did not appear to in- 


from ] t l f the coefficient crease the removal of ASAA This is 


falls between an 0, there is a rather strange since adsorption of sur 
strong posit ) at l hpetween lace active agents to solids isa basic 
variates Y and f the coefficient characteristic of this type compound 


is between and there is and, therefore, it would be expected 
a strong negative correlat Values that increased removal of solids would 
from O.9 te r from 0.9 to automatically insure greater ASAA re 
0.6 indicate elation, moval. The results suggest the opera- 
hegative or positive Lbue tween 


Tt 


tion of some unknown factor, possibly 
0.6 and betwe 0.6 and production of surface active com 
0.4 reveals a wea ‘relation. Finally, pounds by bacterial action as a result 
if the coefficient has a value between of failure to remove the r 

0.4 and there \ “ar to 
be little or no sienifica linear cor 


Effect of ? SS removal in 
relation between the iriat 


aw sludge 
promptly 


The coefficient ] ear correlation Primary 


for ASAA  ré val removal, The conecentrati of ASAA in raw 
and for ASAA en il SS re sewage W 


as tested for correlation with 


TABLE VI.—Correlation of Parameters of Activated Sludge Treatment 


BOD Removy 
BOD Removy 
COD Removy 


eimnnati 
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TABLE VII. —Distribution of BOD Removal Values in Relation to Influent ASAA 


Mid-value 

Freq ier 

(Arithmetic mean (mg f BOD removal value 
corresponding to ASAA values in class interv: 


SS removal. The results are given in V as monthly averages. The mean 
Table I\ There was no correlation over-all removal of ASAA was 30.2 
between influent ASAA and the solids per cent, based on the concentration 
removal efficiency of the settling tank. of ASAA in the tank influent. 

Thus, ASAA at the concentration The coefficient of correlation for 
levels in the raw sewage did not inter- ASAA_ removal vs. BOD removal 
fere with settling in the primary tank. (Table VI showed a weak positive 
Interference would have been refleeted correlation, which suggests that the 
in a sienifieantly large negative co- ability of an activated sludge to re- 
efficient of siemsiedtitihliain move BOD is not necessarily accom- 
panied by a similar capacity to elimi- 
nate ASAA. This is not unexpected 
since the ASAA used in the formula- 
The raw data pertinent to activity tion of commercial synthetic detergents 


Removal of ASNAA by Aeration 


in the activated sludge tank were com- yary in molecular structure and the 


posited and are presented in Table different structures vary in susceptibil- 


Ww 
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aq 
> 
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a | 
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= 
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FIGURE 3.—BOD removal by (a) aeration tanks and (b) trickling filter as a 
function of concentration of ASAA in influent. 
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TABLE VIII. Summary of Anionic Surface Active Agents and Purification by 
lrickling Filter for 22 Days of Operation 


Man 


Avg 


* Based on n t tin trickling fil influent as LOO per 


itv to biological degradation) a The graph shows clearly a tendency 
as Well as in adsorbal 1 for BOD removal to inerease as the 
influent ASAA increased 
Effect of ASA. 
and COD hy . a ed | iT Removal of ASAA w Trickling Filte 


The coneentration of influ A summary of data for observations 
vs. BOD removal showed a weak of the activity of the trickling filter 
tive correlation, suggesting that an i are present d n Table VIII The 
crease in influent ASAA within mean removal of ASAA, 18.8 per cent, 


range observed not only did not inter based on the concentration in the trick 


fere with the efficiency of th unit, ling filter influent (primary effluent 
but actually wa wcompanied | was lower than the mean removal by 
creased BOD emova There was a the aeration tank. It was believed that 
similar positive elation between in limited trickling filter operation makes 
fluent ASAA an emoval of COD a comparison between removal effi 
In order to determine somewhat Cleneies of the two units somewhat 
more clearly ionificance of the Unreliable Moreover, removals of 
weak eorrcint n ~~» bet weet nfluent BOD and COD by the trickling filter 
ASAA (YX;) and removal were low. Statistical analysis (Table 
the raw data re arraneed in a dif IX) indicates that ASAA removal was 
ferent fashion in Tabli | ; not correlated with BOD removal 


fluent ASAA 4 s were grouped in a ; 
Effect of Concentration of ASAA on 


mid-values hen the a metic mean Re moval of BOD and COD hy Trick 
of the BOD ling Filter 

the ASAA Valle | av ! lé (Coefficients at eorrelati Table 
terval, was calculated few i) showed a woderate to 


four class interv: vit indicated 


values fell outside the rang vree Of positive correlation between 
9.99 and were not used ean BOD removal and the content of ASAA 
BOD removal valu al | in the influent liquor, suggesting that 


agaist ASAA values > an mecreasing concentration of ASAA 


TABLE IX.—Correlation of Parameters of Trickling Filter Treatment 


BOD remova mt 0.009 


BOD removal (mg 0.467 
COD removal (meg 0.220 
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FIGURE 4.—Representative daily proportions of sulfate and sulfonate ASAA in 
raw sewage. 


within the range observed was aeccom- cent) was sulfonate ASAA and 1.9 
panied by increased BOD removal. mg | (30.2 
This relationship is shown graphically ASAA. 


per cent was sulfate 


Removal of Sulfate and Sulfonate 

and Sulfonate ASAA in Raw ANSAA in Primary 
The data for total, sulfate, and sul- 
The coneentrations of sulfate andsul-  fonate ASAA in raw 
fonate ASAA in raw sewage were de 


1 


and settled sew- 
age for 26 days are summarized in 
ermined on 62 days A few repre- Table r These results 


are interest- 
sentative daily results are shown in ine because of the 


failure of primary 
Kigure 4 Daily results fluctuated settling to remove ASAA consistently. 
from 100-per cent sulfate ASAA to On 17 of the 26 days sulfonate ASAA 
100-per cent sulfonate ASAA. The increased 


during primary — settling, 
tal ASAA for the 62 days Was 


while sulfate increased on 8 days. It 


vhich 4.4 mg 1 (69.8 per is evident that either type could in 


TABLE X.—Range of Sulfate and Sulfonate ASAA in Primary Settling* 


ASAA (mg | 


Sulfate 
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TABLE XI.-- Summary of Sulfate and Sulfonate Anionic Surface Active Agents and 
Purification by Activated Sludge Treatment 


VS AA 
Re 


1956 and 1957 


Avg 


* Negative sign indicates a higher concentration in effluent than in influent 


crease but that an increase occurred was 2.0 me |, aecounting for most of 
more frequently with sulfonate ASAA the ASAA removed 76.9 per cent 

llowever, of the sulfonate ASAA en- 
tering, only 39.2 
ASAA by Aeration by the aeration tank. Apparently this 


Removal of Sulfate and Sulfonate 
per cent was removed 


The capacity of activated sludge activated sludge microflora removed 


treatment to remove sulfate and sul the sulfonate-type moleeule as readily 
fonate ASAA is indicated by the data as the sulfate type. This was unex- 
in Table XI During these 25 sam pected even though the predominating 
pling days the mean removal of sul surface active agent in the raw sewage 
fate ASAA wa } mg/l, or 40 per entering the pilot plant is sulfonate 
cent of the average influent sulfate ASAA, and presumably the organism 
ASAA This seems rather low since would have ample opportunity to be- 


yrrevious research has shown sulfate come accelimatized to this tvpe of mole 
YI 


ASAA to be me ized readily by eule 

sludge microorganisn t will be The data in Table XI were analyzed 
noted that on >} days there was a_oin the hope of clarifying the relation- 
higher concentration in_ the fluent ship between influent ASAA and BOD 
than in the tank influen removal in aeration tank operation 


Average removal of sulfonate ASAA Increased BOLD removal might be ex 


TABLE XII.—-Correlation of Sulfate and Sulfonate ASAA Removals with BOD Removal 
during Activated Sludge Treatment 


Sulfate ASAA removal n BOD removal ng 0.035 
Sulfonate ASAA remoy meg BOD removal (mg/! 0.139 
Influent ASAA (mg/| BOD removal (mg /] 0.105 
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ASAA acting in some 
BOD 
in- 


plained as a 


way to improve the removal of 


l 


by the sludge, or (b 
ASAA 


more oxidizable 
the tank influent. 


activated 
amounts of serving 
that 


material in 


creased 
merely as much 
organic 
One possibility in the second category 
BOD fol- 
influx of an  inereased 
amount of  easily-oxidized — sulfate 
ASAA in the influent. If so, there 
should be a strong positive correlation 


ASAA 


but as 


is that increased removal 


lowed the 


between sulfate removal and 
BOD 
Table 


smilar 


seen in 
XII. this was not the case. 


removal, ean be 
By 
increased amount 
ASAA might 
BOD re- 


This was likewise apparently 


reasoning, all 
of oxidizable sulfonate 


be the cause of inereased 
moval 
not true since the coefficient of corre- 
two variates was small. 
both 
belief 


Was 


lation of these 


The 


would 


correlation in 
the 


removal 


poor cases 
that 

the 
vreater 
material, but 
improvement 


seem to favor 


increased BOD 
result ol th 


not 
entrance of 
amounts of oxidizable 
actually represented an 
in removal efficiency as a result of the 
ASAA Unfortunately, the 
of the values in Table XTI 
the fact that the eo- 
influent ASAA vs. BOD 
removal for the limited number of the 
sampling days considered in Table XI 
the coeffi- 
for the same two 
0.105 to 0.398 


presence Ot 
significances 
is weakened by 


for 


emeient 


over-all 


is not as large as 
cient of eorrelation 


variates 


Conclusions 


An was the 
concentration of anionie surface active 
ASAA in 
residential area for a period 
The ef- 
‘ect of normal levels of ASAA on pri- 
activated and 
treatment in a 50-gpm 
the 
units 


investigation made of 


agents domestie 


sewage 
from a 


of approximately 28 months. 


sludge, 


iarv. settling. 


trickling filter 


pilot plant was studied, as was 


various treatment 


ASAA. 


following conclusions. 


abilitv of the 
to remove 


The experimental 


data suggest the 


SURFACTANTS AND TREATMENT 
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1. The value of ASAA 
centration in the raw sewage was 6.4 
mg/l. Daily ASAA values fell within 
the range 0.5 to 11.4 mg/l. 

2. Monday often showed the 
highest concentration of ASAA during 
a given week, followed in frequeney 
by Saturday. 

3. The ASAA as 
the sewage passed through the plant 
was 33.8 per cent the aeration 
tank was the only biological unit em- 
ployed. 


mean con- 


most 


mean removal of 
when 


The removal increased to 37.8 


per cent when the trickling filter and 
aeration tank were operating in series. 

4. The mean removal of ASAA dur- 
ing primary settling was 0.3 per cent. 


5. ASAA in the concentration levels 
present in raw sewage did not inter- 
fere with settling in the primary tank. 

6. The mean removal of ASAA by 
the 30.2 
based on concentration. 

7. An influent ASAA 
within the range observed not only did 
not interfere with the efficiency of the 
tank, but rather accom- 
panied by increased BOD removal. 

8. The mean removal of ASAA by 
the trickling filter 
filter 
inerease in 


tank 
tank influent 
inerease in 


aeration was per cent 


aeration was 


was 18.8 per cent 
based on influent concentration. 

9, An ASAA conecentra- 
tion in the trickling filter influent was 
accompanied by inereased BOD re- 
moval by the unit. 

10. The average composition of 
ASAA in the raw was 69.8- 
per cent sulfonate ASAA and 30.2-per 
cent sulfate ASAA. 

11. Of the ASAA removed by the 
aeration tank, 76.9 
fonate ASAA. 


sewage 


per cent was sul- 
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CHEMICAL STRUCTURES RESISTANT TO AEROBIC 
BIOCHEMICAL STABILIZATION * 


J. Lupzack AND M. B. ErtriInGerR 


ecring Center. Public Health Service, De partment of Health, 


cation, and Welfare, Cincinnati, Ohio 


Problems in stream pollution and and food. Competition and predation 
waste purification would be simplified in a mixed culture result in different 
if the behavior of polluting materials patterns of substrate consumption than 
could be estimated on the basis of the those shown by single species 
chemical strueture of waste compo A difference in associated food mate- 
nents. In this paper an attempt has rials seems to make little difference in 
been made to gather the available in- assimilation of a specific chemical pro- 
formation on the behavior of speecifie vided the biota has an opportunity to 
chemicals and to relate behavior to adapt itself to a new feed mixture 
chemical strueture which will support metabolism. For 

Heukelekian and Rand (15) pre- example, a phenol usually acts in a 
sented biochemical oxidation data for characteristic manner regardless of 


many organie chemicals. The present whether its source is refinery waste, 


report differs in that emphasis has been coke oven waste, or a chemical waste. 


placed primarily on investigations in This recurrence of behavior pattern 

which the microbiota was acclimated serves as the basis for prediction of the 

to the particular test chemical prior to biochemical behavior of pollutants from 

oxidation tests The two lists are sup pure compound research 

plementary Major differences are 

likely on compounds in which acelima- Presentation of Data 

tion developed slowly and appreciably This review attempts to present 

increased assimilation available data on a common basis to 
Porter (34) reviewed bacteriological — facilitate comparisons and clarify rela- 

pure culture research on many specific tions between chemical structure and 

chemicals that provided the sole source microbiological assimilation. Materials 


of carbon 


for metabolism. Porter's in- requiring additional research likewise 
formation is a valuable guide but has wil] be more evident. Biologically re- 
limited applicability to stream pollu- — sistant chemicals are the main interest 
tion problems because bacterial growth here although many readily assimilated 
on a given chemical, rather than de- materials are included for comparison. 
struction of the chemical, was the prin-  (Cassification of materials as resistant 
cipal point of interest. Surface water js necessarily vague and arbitrary. In 
and waste treatment units are charac- ceneral. a substance more difficult to 
terized by Variety mm both organisms destroy by biological metiods than 
ae domestic sewage is considered resistant. 
Lafavette. Ind. The actual biological resistance of a 


given chemical is very easy to over- 
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estimate, pe rticularly in small-seale, 


short-time bench studies with a limited 


attempt to develop an acclimated seed 


Insofar as possible, the data in the 


} 
I 
t 
{ 


tables report chemical destruction or 


removal under favorable conditions for 


sustained growth 


Test chemicals are grouped in order 


of increasing complexity according to 


homologous such as hy droecar 


SET1eS 


bons. aleohols. et Two or more reae 


centers l the same molecule 


tive 


result in less definite functional clas 


Sifications. Compound names are those 


commonly chen ical handbooks 


wed in 
with trade names occasionally added 


mulas are provided, if 


Chemical for 


possible, with ft compound in 


dicated for mixtures or uneertain strue 


tures. 


Column headings in the tables 


were 


selected to describe the basie investiga- 


] 


tion procedures and for a wide 


results 
variety of test methods The methods 


column deseribes experimental pro 


Kor ex 


lave been 


their sequence 


cedures and 
] 


ample, ace 


achieved in activ: with as 


similation or oxidation measured by 


respirometer, BOD, or other methods 
Temperature and observation time are 
given as precisely as possibl Two en 
tries in the days of observation column 
unit 


indicate the time in an oxidation 


such as activated * and corre 
sponding time f incubation of a 
BOD test. 

Feed 


sionally was indefinite 


concentration me /] occa- 
The reference 
may have indicated 500 mg /1 feed con- 
centration with performanc 
BOD techniqu Ob 


test bottle did not always use 


tests by 
BOD 
the cited 
of the- 
oretical oxidation could be altered by 
differences \ 


mark indicates this situation 


iously, the 


econeentration and the per cent 


coneentration question 
Davs of 
acclimation entered include the time 
prior to test runs but not necessarily 
the minimum requirements 

estimates are entered 


Per cent of 


Performance 


in two columns theoreti 


WPCI mber 


1960 


cal oxidation iS included where oxygen 


utilization under specified conditions 


measured A difference between 
the influent effluent is shown by 


Per cent of theoreti 


Was 
and 
per cent removed 
cal oxygen demand was obtained from 
a ratio of the observed oxygen demand 
divided by the 


caleulated amount of 


oxygen required to convert the chemi 
and am 


Additional 


convert am 


eal to earbon dioxide. water. 


mona carbonaceous 


Oxygen requirements to 


monia to nitrate were not used in the 


calculation of the theoretical oxygen 


demand unless 


AN 


eent of theory 


chemical analy sis. of 
Per 


Com 


nitrogen ( was indicated 


used to facilitate 


parisons in oxidation of different com 


pounds because each chemical has a 


different oxygen requirement for sta 
bilization 
More 


a single entry indicates similar methods 


than one reference citation for 


and results but not always precise rep 


lication Significant differences are 


reported In separate entries 

Data entries were obtained by direet 
citation, recaleulation of results to a 
common form, and by implication when 


the reference was indefinite. The im 


plications are footnoted and represent 


an interpretation of indirect evidence 


Abbreviations are listed separately. 


Hydrocarbons 
The 


drocarbons 


number of hy 
Table IT in 
on which definitive 
All of them 
The 


short 


relatively small 


presented in 


elude most of those 


information is available 
show high resistance to oxidation. 
structures with 


alkvl benzen 


side chains each show substantial re 
difference in re 
branched or 


reduced 


sistance, hene the 
sistance normal 
significance 


high 


dependence for oxidation 


side 
Mineral oil 


temperature 


degradation shows a 


A boundary water 


that 


survey 42? re 
ported tromatic compounds dis 
rapidly in the flowing 


Unpublished 


data from this laboratory indicate that 


appeared more 


water than aliphaties 
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eertain aron 


and checked by 


show decreased 


HVOMATIOIT \ Hw Con 


current merease i aliphatic ‘ probably 


as a result of ring opening. Davis (6 


I 
‘eported CVCLI 


hydrocarbons more re 


sistant than aliphatic sittle or no 


initial found ith BOD 


action Vas 
technique on methane-saturated water 
after 
cent of 


two weeks’ acelimation, SO 
theoret 


in five days 


per 
oxidation oceurred 


Alcohols 
Alcohol assin 


show that most I the Th 


Table I 
als in this 
series are av: 
Methanol 


results depe) ding mamly yn 


metabolism 
data iow a wide range in 
acclima 
tion. Iso or. si 


condary compounds 


show little difference in availability 


from normal aleohols. Ti rtiary butyl 


and amyl alcohols and pentaerythritol 
high resistance Hach 


show COontTalus a 


carbon without direct hydrogen link 
Chain 


range do not appe aktnas: | Mee 


ave, tested 
diols 


such as glycol and ‘ntanediol have 


been resistant to 


data 


reported 
biological degradation | these 
show 


‘2 ] 
Signinea { Clie 1 ia SOTHLEC 


oxidation 


The Jat 
nolic mate 
tively sinall 
were avallabl 
MOnOo Or Cun 
show relat 
Climated on 


nstal 


been verified i 


lations Many ‘hl enols follow 


the same patter ita are not avail 


yers >.) 


able for pPrene ] 
phenol is 


indicates that 


extremely resistant whereas pentachlo 


assiiliated 


rophenol Call be 


Aldehydes 
Aldehydes Table I\ 


tively low resistance to 


acclimated SYSTCHIS 


Benzaldehy de and 


show substantial re 


o-hydroxybutenal 


sistance at tf COncCeCHtLralLlons 


Acids, Salts, and Esters 
Table V SHOWS 


more 


that this 


vroup is 
ietabolized than either 


aldehydes A 


laroe ig proportion 


readily on 
the aleohols o) some 


what oxidized 


Was 
for each of the test chemicals. 


The 


dicarboxylic 


although 


removal was similar first member 


of the mono-— or acid 


series Was more temperamental than 


succeeding chemicals of each 


The 


age as in thioglycolie acid materially 


rroup 


inclusion of a sulfur carbon link 


impeded oxidation in a relatively un 


acclimated cul 


Ethers 


containing the C-O-¢ 
Table VI 


Compounds 
substantial 
the 


specific acclimation 


linkage show 


resistance treatment 
\lore 


Lime 


excepting 
second iten 


over a longet interval is likely to 
improve results. Stack (39 


that 


reports 


dioxane Can he oxidized by 


spe 


organisms i 


cifically acclimated 


phenyl ether (42) was removed from 
flowing water but persisted longer than 


most contaminants 


Ketones 
Vil 


resistant 


The fe hitrn in Table 


sue 


rest that TOnNeS Hare more 


alcohols, aldehydes, acids, or 


than 


esters but less resistant than ethe rs. 


Amino Acids 
(Table 
Excep- 


Reported data on amino acids 


VITI 


Tions 


show good assimilation. 


evstine and tvrosine 


which been degraded after 


longer acclimation Increased re 


time 


other than ear 


SISTAlce ll¢ tO atoms 


bon in the chain was not conclusive 


Miscellaneous Nitrogen Compounds 


avail 
Mills and 


. ; ‘ { 
resistance of 


metabolic 
Table IX 


Stack 25) suggest that 


A wide range in 


ability is shown in 
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increases as the number of 


amines 


hydrogens on the nitrogen decreases. 
Tabulated data generally follow this 
pattern, although 
dent. 
were assimilated at the 


trations 


exceptions are evi 


Triethanolamine and acetanilide 
lower concen 
Purine, containing three tri 
amine nitrogens and one secondary 
amine group, is a basi¢ transition struc 
ture in biochemistry and could hardly 
be considered The 


lenes with a heterocylic ring containing 


resistant morpho 
both nitrogen and oxygen atoms were 
highly resistant whereas the ps ridines 


containing a nitrogen in the ring were 


not, 
Cyanides or Nitriles 


Table X) are readily de 


eraded by acclimated cultures with the 


(vanides 


possible exception of the iron com 


plexes Long acclimation periods ap 


pear necessary. Some disagreement 1s 


apparent regarding maximum 
sible 
poor performance at concentrations be 
low those tested by Pettit Mills 
31 Nitr reported in 
evanide test these 


though early results suggested that am 


permis 
loading as recent data indicate 
and 
fication is 
units by authors al 
monia was the 


Nitriles 
olized by an 


primary end-produet 


tested wer metab 


Am 


readily 


aeelin ated biota 


monia Was a major intermediate prod 


uct, in turn converted to 


Mean 


during the 


oxidized 


nitrogen detention time was 


| 
(ia \ 


one-half 28-day con 


tinuous nitrile 
with the 


nitrile in river water 


activated sludge 


Aceclimation 
ticular 


runs 


time varied par 


test but 


reduced the 


“Hl d the 


activated sludge acelima 


tion time 


differences between 


adjustment periods for the test nitriles 

Compounds Containing the 
Vinyl Group 

Table XI 


Ihe tabolie 


listed in 
for 


relatively few 


Chemicals show 


good availability 


proe 


esses. with exceptions, 
that low 


inhibitory 


Crotonaldehyde was unique in 


eoneentrations were while 


Mills 


higher levels indicated oxidation 
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and Stack (26 that side reae 


suggest 


tions may have formed resistant sub- 


stances that were masked when an ade- 


quate excess of crotonaldehyde was 


present. Stack (38) did not encounter 


this phenomenon. Methyl vinyl ketone 
The 
higher molecular weight polymers from 


ally] 


was highly resistant formation of 


alcohol inereased resistance. Size 
reactive 
Mills 
molecular 


is one factor and changes in 
centers of the polymer is another. 
that 


600-range are 


and Stack (25) suggest 
weights in the 250- to 
the 


availability on ¢ 


borderline between resistanee and 


molecular size basis. 
Branched compounds reported did not 
show significant resistance 


did 


acids f 


In general, 


aldehydes and ketones not 
the as esters and 
though the 


trends 


react 
same 38) al 


data do not show dominant 


Oxy Compounds 


Materials containing more than one 


type of oxygen linkage and polyoxy 


Table XI a The 


linkage) shows 


structures are listed in 
ether 


hindrance to 


oxyvethy] group 
pronounced 
Table Vi 


additional] 


assimilation 

Resistance is inereased by 
ether 
weight 
oxide linkage, 
not 


higher 
The 


as ll propene oxide. does 


groups and 


molecular compounds 


appear comparable to ethers in 
Substitution of an ester in 


aleohol had little 


metabolism in some com 


resistance 


place of the eroup 
effect on 
pounds and improved assimilation in 


others 


Surfactants and Allied Structures 


The surfactant family and analogous 
materials are represented by many in 
dividuals in Table XIII 
that 


Results show 


low molecular weight, normal 
alkyl aryl sulfonates, are not resistant, 
although Warbure BOD 
frequently were dissimilar. A marked 


difference in metabolie availability was 


and results 


noted when alkyl aryl compounds were 
sulfonated Normal buty] benzene sul 
fonate whereas 


Table | 


was readily available 


normal butvl benzene was 
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lliv CSIs Wis 


for tertiary 


resistant noted 


and = its 


CHIZeL 


The same trend 


sulfonate deriy 
alkyl aryl 


is. followed sulfonates 


through the compounds used for 


(12 to C15 alkyl 


Le., normal 


sur 
factants eroups 


compounds were readily 


available while tertiary 


None of the 


biologically inert (1 


compounds 


were not. syndets were 


Molecular strue 


ture and size were the pertinent con 


Clas 


instead of the 


frequently 


siderations (37 

such as 
onics. As 
Table 


molecu 


sification 


used 
cationics, anionices, and non 
indicated in the ref and in 


XIII, sulfates, 


lar weight polyethoxy 


rence 


1 


esters, and low 
and 


lligh 


esters and 


amides 


esters were readily assimilated 


molecular weight polyethoxy 
amides were more stable 


Materials 
zy 


primarily because of the small 


Miscellaneous 


Entries in Table were grouped 
number 


(‘hlo 


lnteresting 


of compounds in each category 


r 
compoun ocest 


rinated 


investigational } ibilities. Carbohy 


drates show tion with in 


creased resist 


as more ac 
¢limation tim molecular 
weight material LOK l 28 re 
ports that one mole of 
starch or cellulose su evanoethyla 
tion produces a highly resistant mate 
rial 

Lignin availabil yi elat vely low 
| 


Research on this IS hampered 


by the variability of the natural ma 


terial and the diffi obtaining 


unmodified lignin 


Modifications occurri 
cation 


purposes 
ine purifi 
generally imerease resistance 
known to be relat 
H.O;( HO 
oxygenated phenyl pro 
13 Both the ether 


Lignin is 
niferal alcohol, ¢ 
CHCH.OH, or 
pene STrTUCTUreS 


and 


| 
eroup contribute to re 


propene 


chemicals 


sistance in othe 


Cross Acclimation 


eultures 1s 


acclimated 


Table X\ To! a 


Speciheity of 


indicated in limited 


JOURNAT 


WPCF ember 1960 


number of materials. The list includes 
aleohol acclimated cultures tested with 
corresponding aldehydes or acids and 
phenol acclimated systenis tested with 
a variety of other chemical feeds 
Much of the this 


phenomenon was gathered to indicate 


data collected on 


metabolic pathways of similar strue 


The 


changeable 


tures possibilities for treatment 
have 
These 


“dd from a much larger 


of a waste stream 


more practical significance 


data were selecte 
numerous references. 


acclimated for 


list presented in 

Organisms aleohols 
appear to be adequate for assimilation 
of corresponding aldehydes and acids 
with the possible exception of formalde 
Phenol 
suitable 

Cate 
chol, hydroquinone, propyl, and buty] 
The 


not available for speeif 


hyde and isopropionaldehyde 


acclimated organisms 


appear 


for a wide variety of materials 


benzenes are the major exceptions, 


last two were 


ically acclimated cultures Benzene 


availability in the phenol activated 


sludge is anomalous because it was re 


sistant to a specifically acclimated 
sludge Table | 

Cross acclimation success probably is 
the result of adaptive action. 


Stanier (40 


enzyme 


reports that an enzyme 


may adapt to another similar structure 
in 30 to 50 min which would be an in 
significant adjustment time in a treat 
ment ‘ differences in 


unit The relative 


structure and the particular enzymes 


involved would affect adaptive enzyme 
change in feed (24 


that an 


hehavior after a 
The 


microbiota car 


acclimated 
than 


show 


results 
metabolize more 


one specific feed 
General Discussion and Summary 


the tab 


froups 


Many Caps are 


} apparent in 


ulated material; some are 
sparsely represented and others not at 
all. It is hoped that material from un 
will be made 
another to fill 


Fragmen 


published memoranda 


available in one way 01 


some of the existing e@aps 


results, not significant alone 


tary 


\ ield 


may 


sound evidence when combined 
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with other data. Verification, denial, 
or filling an obvious gap in information 
are important 

A great 
compounds with known biochemical be 
both 


generalizations and important specific 


expansion in the number of 


havior is justify 


necessary TO 


exceptions. Several factors make it 


difficult to outline simple rules de 


scribing 


the metabolic availability of 


a material strictly as a funetion of 
These than 


one functional group in a molecule, the 


structure include more 
and 
reported differ- 
oxidizability of 


size and solubility of the molecule, 


isomerism such as the 


ence in normal and 


tertiary carbon compounds. In addi- 
tion, chemical or biochemically indueed 
substrate so 
reflect the 
feed Some 


rapidly 


changes can 


occur ih a 
that its behavior may not 
hbehavio f the original 


echemical changes oceur and 


result in relatively large differences 


between the material 


sible 


ntrodueed | 


present for 
that 
nsaturated 


pos 


assimilation and originally 
compounds 
and nitriles are two examples in which 


this with as 


Occurs 


Polymerization 
sociated increase of resistance is likely 


Nitriles 


polymerize but are more likely to 


with certain Vinyl structures 
has 
dissociate to yield readily available ma 
terials in an acclimated culture. 

The 


tabolism, variation 


complexity of biochemical me 


within or between 
species and effects of acclimation or en 
vironment further complicate the prob- 
n Experience with biological action 
on specific wastes shows that acelima- 
tion and degradation are likely to be 
than in a five- 


the 


more rapid in a stream 


vallon test carboy oft sume sub- 


strate, which in turn shows 
BOT test 


treatment plant usually per- 


more ae 


tivity than a incubation. <A 
full-scale 
than a bench- 
feed 


of available organisms 


rorms more effectively 


scale unit on the same 


The num 
ber and variety 


in larger units for most of this 


difference The 


account 


reomerrys of larger 


units usually improves the possibility 


for clarification. Capacity for leveling 


the effects of environmental changes 


L197 


Re- 


tests 


also is improved by larger units. 


sults reported for bench-scale 
therefore likely 


estimate of the oxidizability 


are to yield a low 


and re- 
moval of a waste. Estimating per- 
formance of a stream or treatment unit 
from 


data, therefore, 


careful extrapolation 


bench requires 


Biochemical oxidation tests charae- 
teristically show variability that does 
not always respond to the usual con- 
trols. One positive result in which a 
chemical is conclusively metabolized is 
sufficient to show the possibilities. Sub- 
sequent investigation can concentrate 
on the conditions that account for sue- 
cess or failure. In a series of results, 


the highest degree of oxidation there- 
fore carries most weight 

The Placak 
32) demonstrated that 
feed 
effect 


Llowever, a major fraction of the 


work of Ruchhoft 


acclimation to 


and 


a specified material has a= sig- 


nificant upon microbial metabo- 
lism. 
reported results of their work was not 
tests with acclimated 


based on organ- 


isms. This work provided the impetus 


for many subsequent investigations 
with adapted cultures until today aec- 
climation is accepted as a rule in bio- 
logical treatment rather than the ex- 
ception, 

Generalizations reported in discus- 
sion of each table will not be repeated 
except where they are based on several 
eroups. 

Many compounds exist that do not 
appear susceptible to metabolism at a 
significant rate. High molecular weight 
materials and tertiary-branched strue- 
tures appear in this class. Structures 
that do not permit enzyme approach or 
fail to diffuse through cell membranes 
resistance. Aecclimation 


little 


contribute to 


may have benefit in increasing 


the rate of metabolism for this group 


of materials, thus limiting biological 


degradation to ai low. rate 


Available 


compounds 


pre CPSS 


evidence does not indicate 


completely inert to bio 
although 


discourage 


chemical action 
stable 


treatment 


Many are 


enough to practical 








L19OS JO 

Many groups show good assimilation 
as a whole but certain individuals show 
thus 


atypical action. The exceptions 


become relatively portant im 


ren 
eralizations Tl 
include C, or ¢ 


‘xceptions frequently 


carbon « mpounds or 


l 


the lower molecular weight n 


embers of 


a series. (, and carbon compounds 
do not fit the Beta oxidation concept, 
thus ean be expected to react dif- 
ferently from other compounds in a 


series. Freq lt ntly more specific ac 


¢limation Is adequate to provide vood 


Higher 


show a uniforn 


assimilation homologues ven 


erally progression in 


assimilation until solubility, molecular 
rformance 


noted 


etors alte r me 


size or other la 
Other exceptions eould he such 


“us xylose for the carbohvdrate eroup 


and tyrosine in the amino acid group 


These are likely to be the result of 


some specific linkage in the molecule 
and require more specialized approach 
Effects of 


branching on biological 


resistance are minor m most com 
pounds in which at least one hydrogen 
internal 
Substitution of all of the 


| 
by an alky | 


carbon linkag 


remains per 
carbon 


hvdrogen on a carbon aton 


] 


or aryl group generally results n 


a 
resistant material 

Atoms other than « 
frequently de 


‘arbon in a chain 


rease availability Oxy 


ven had the ereatest effect (ethers 


with sulfur and =n following 


with decreased changes in availability 


resist 


Oxveen showed more effect on 


ance than nitrogen in heterocylie ring 


structures but this s based on 


opimi08en 


few compounds 


Biological treatment perrormance 1s 
difficult to evaluat without nforma 
tion on both per ent oxidation and 
per cent removed A characteristic 
balance of time, oxidation, and biosorp 
tion are necessary for effective con 


tinuous treatment Per cent oxidation 


shows the degradation within the test 


eent 


period It rarely exceeds 60 per 
of the 
the 
sludge or other biological 


Per t removal ma) be 90 or 


influent oxygen demand within 


detention period of an activated 
treatment 


unit 


RNAL 
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more because biosorption retains a sig- 
nificant fraction of the remaining load. 
The 
further 


retained material is subject to 


oxidation in hence it 


process, 
Is not likely to deerade the effluent 


Overloading is one means of throw- 


ing the process out of balance. Oxida 


tion may be similar to that at normal 


loading but the capacity 
be exceeded If 


are eluted from the solids as rapidly as 


biosorpt On 


may waste materials 
biosorption occurs, the over-all efficiency 
feed to 


pronounced 


is reduced Resistance of the 


oxidation likewise has a 


effect Coulter cf al.. (5) showed that 


a trickling filter slime effectively re 


moved oil for a time, then became 


saturated with oil 


The 
did not oxidize rapidly enough to main 


and efficiency de 


creased oily material obviously 


tain biosorption capacity. River water 


receiving waste (19) showed 


a high 


interval 


refinery 


removal of oil within a short 


The 


eventually returned to the flow because 


time stored material 


not significantly degraded in 


Many 


for a limited time on a 


it Was 
storage units Operate effectively 
new waste that 
the 


unfavorable balance 


eventually 
fail 
between 


eause process To 


because of an 


oxidation and removal 


Oxidation tests at a single tempera 


ture may be misleading because oxida 


tion rates frequently do not follow the 
vradient It 


conventional temperature 


is, therefore, desirable to perform tests 


at summer and winter operation tem 
mineral oil 
( but 


tempera- 


peratures. For example, 
Table | 


rapidly at 


oxidation was nil at 4 


increased higher 
tures 


Reported data on biochemical avail- 


ability of chemicals represent many 
understand 


The 


useful for 


vears of progress toward 
ing and predicting waste behavior 
predictions are primarily 
preliminary estimates and to guide re 


reliable 


minimum of 


purification 
effort. 
the 
but 


search toward a 


process Witl a 


mused to decrease 


They ean be 
amount of work on a specific waste 
not to eliminate it si actual experi 


ence 18 
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COLOR PROBLEMS WITH BEET WASTE 


By Ropert 


Ul, Howland, 


, Corne 


of water are used in 


processing red beets and this water be- 


volumes 


Lare 


comes intensely colored from the vari 


ous Operations in the canning 


in beet 


process. 
caused 


at 


Solids waste 


many 
treat- 


erational problems sewage 
this waste is mixed 
The 


wastewater 
the 


ment plants where 


with municipal waste chlorine 


of the 


greatly increased, 


demand combined 


IS large 
settled 
beet waste, often overload and 


Addi- 


t is required to keep the di- 


and 
amounts of sludge, which are 
from the 
the 


hea 


TrS at a 


upset digestion processes, 
tional 
desirable temperature for 
of 
disposed of. 
in the di- 
Mueh of 


removed at 


increased amounts 
digested he 
Additional pH adjustment 
hye 


however, can 


and 


dict stion 


must 


| } 
siudve 


vesters Hiay necessary 
be 
proper screening. 
that 
inary sewage treatment plants treating 
beet 
beet 
they 
the 
duction effected at a 


the solids 


the canning plant DY 


Observations have shown pri- 
waste 
little 


a 


combined se and re 


move or cle 


Wat 


crease the color 


though 


PS 
Ol 


remove 
beet 


or none evel 


large percentage solids. 


The 


primary 


only color ré 


plant is brought 
the 


waste 


treatment 
he action 
added To 


purposes 


about by oft chlorine 


which is the for bac 
tericidal 

Color appearing in a4 receiving stream 
derived 
ment plant is an indicator of pollution 
to the 
he 


health, though iT 


and from a wastewater treat- 


public This may be judged to 
recreation, and 
have little pol 


a menace to fish life, 
may 
lution potential 

As population densities increase and 
people have more recreation time there 
be, of 


of t streams 


numbers 
that 


will rreater 


he fact 


are, and 


people aware 


! 


. 
I: 
Me 


PAILTHORP 


Hayes & Merryfield: Corvallis, 


be efficient 


Waste 


can vastly improved by 


treatment. This awareness will 
create interest and action toward more 
complete waste treatment. Since color 
is an undesirable factor, it is important 
that secondary treatment effect a high 
degree of color removal. 

This research was carried on to de- 
termine if conventional high-rate trick- 
line filters beet 
when beet waste is treated in conjune- 


would remove color 


tion with domestic sewage. 


Beet Waste Characteristics 
1 settled beet 
waste depend largely on the solubility 
the of beet 
stituents. 

Table I shows that beets are high in 


The organies present iD 


and concentration con- 


proteins and carbohydrates. 

A typical flow diagram for beet 
in the Pacifie Northwest 
Kigure 1. The beet 


period of about nine weeks 


processing IS 


shown in pack 
lasts for a 
in the months of August, September, 
October, and November. 


It is calculated from canning plant 


TABLE I.—Beet Constituents 
(from U. S. Department of Agriculture) 


Per Cent by 
Weight 


Constituent 


Moisture 87.6 
Protein 1.2-1.6 
Fat 0.1 
Ash O.8-1.1 
Total carbohydrates 7.2-9.6 
Fiber 0.7-0.9 
Calcium 0.027 
Phosphorus 0.043 
Iron 0.001 
Thiamine 0.00002 
Riboflavin 0.00005 
Niacin 0.0004 
Ascorbic acid 0.010 
Fuel value per pound (cal 155 
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FIGURE 1.—Typical beet canning flow diagram. 


records that 40 to > ner ecent of the cooled by water. and the cooline water 


beet is Waster S discharge | to the municipal sewers 


The plant waste usually is screened 

Processing Operations befor harge to municipal sewers 

‘he screened beet waste 

The major portion OF TI colon ! particles of beet and 
the waste is produced at abrasive soluble organi compounds In amu 
peeler where the beet skin Is hredded nicipal system the beet waste joins and 
off and earried away by water. After . lated hy sewage It is possible 
trimming and grading the beets are 4h the molecul > heet color are of 
placed in cai or jars and cooked gych a nature lat Organisms respon 
under pressure either by continuous gible for treatment in the trickling 
steam proces rt t batch process filter process VW ll not attack them until 
In the bateh proce ie hot water 4 major part of the original waste 1s 
used for cooking discharged to the broken down an they are foreed to 
sanitary sewers or storm sewers. In use the portion causing color as ¢ 
some cases 1 hot water is reused source of nutrition; or it Imay require 
in the canning plant ter COOKING specifie organisms or enzymes to at 


by either metho e containers are tack the beet color 





BEEK 


Basic Aspects of Color 
/ hoor 


Molecules owe their color to the ab- 


sorption of visible light. To 


have 
color, a molecule must possess certain 


definite The 


carbon 


characteristics molecule 


high 
that 


must have a content, 


molecules 
The 
must also have chromophores 
combinations of C, H, O, 


The Important chromophores 


which colored 


sucgevests 


would benzene rings. 
noleeul 
which are 
and N 
are © 7 4 (), ¢ me. £3 
N, N QO, and NOs» 

will dey full 


have an auxochrome 


contain 


N,N 

Before a molecule 
elop its eolor potential, 
however, it must 
color-aid Auxochromes contain oxy- 


OH, 


The rearrangement of the 


ven and are 
and SO.Na 


molecule by 


commonly Q, 


breaking a double bond or 
moving or replacing an auxochrome or 


chromophore will change its color 


characteristics; also cleavage of the 


molecule will change its color prop 
erties 
Saturated hydrocarbons are colorless 


hold 
tightly ; 


because they their valence elee 


trons very consequently, the 


electrons and absorb 
Since light 


of all wave lengths passes through these 


cannot vibrate 


light in the visible region. 


solutions they appear colorless. Chro 


I 
contain 
held, and, 
excited by 


region rhe 


mophores and auxochromes 


electrons which art 


loosely 


therefore, can be light in 


the visible difference in 


discrete energy levels is not as 
for molecules containing chromophores 


and 


vreat 


auxochromes as those of saturated 


hydrocarbons; consequently, light pos- 


SeSSING lengths is. ab- 


certain Wave 


and that visible 


sorb 


d by the molecule, 


‘h is not vives the 


beet 


absorbed 
] 


molecule TS 


apparent color. In 


waste, the predominate color not ab- 


sorbed s red 


> _ 
SUCHO 


logue al Fac lors 


Color, with its irreducible psycho 


logical content, is a sensory experience 


and must be considered as well as the 


WASTE COLOR 
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physical properties of light. Color is 
defined by the Committee on Colorim 
etry of the Optical Society of America 
as ‘‘the lieht 
than inhomog- 
eneities ; 


characteristics of other 
spatial and temporal 
light that 
radiant energy of which a human ob- 
through the 
sensations which arise from the stimu- 
lation of the retina of the eye,”’ 


being aspect of 


server iS aware visual 


In this study the psychological aspect 
the 


eolor 


stream 
the beet 
Was expressed as an intensity, optical 


of color in a natural was 


controlling factor; but 
density, or per cent transmission, at a 
particular wave length as measured by 
The 


spect rophotometer 


a spectrophotometer. color as 
the 


was related to the psychological aspect 


measured by 


by one group of observations. 
Psychologically, colors produce many 
emotions and illusions. Colors are 
used to describe feelines or as adjec- 
tives to describe people, a coward is 
vellow ; Particular 
foods. To 


feeling of 


a person feels blue 
are associated with 
red the 
warmth; while green and blue induce 
Red is an ardent 
and passionate color and stirs a man to 
action; while green blue lead to 
meditation. A surrounding of red 


makes objects seem heavier and time 


colors 
observe induces 


a feeling of coolness. 


and 


to pass slowly. These facts point to a 
few of the many color expressions and 
associations. 

A large portion of the color observed 
in nature is green and blue. <A sports 
man thinks of a green or blue stream 
bordered by green trees and grass. To 
have this picture interrupted by a red 
beet 


‘acetion’’ 


strip of waste, or waste having 
another 
the 


roundings of green and blue. 


color, would disrupt 


meditating mood and cool sur- 


Birren (1) states, ‘‘Seeing is as much 
in the mind as in the eye.”’ It 
tain that the psychological effect of a 


Is cer- 


particular color on an observer cannot 
must not be Photo 


metric measurements can be made and 


and overlooked. 


used as a method of expression, but 





TABLE IU Effect of Various 
Solutions on Betanin 


Solut 


Sodium bicarbor 
Concentrated H( 
FeC| 


NH 
NaOH 


Sodium nitrite Stable 
Nitrous acid Immediate 
BaCl 

FeSO, » visible 
SnCl. 

Lead acetate ellow solution, pale 
precipitate 
Basic lead acet 


must be exan 


particular colo 
Beet Piqme) 


The color 1 Tt f i red beet 
is betanin that 


betanin is closely related to the fol 


nhown 


lowing structure 


OH 
Ol 


a isolated 


Ainley 
the pigme nt and determines 


| 
lar formula as Cooly -N 


They also found that tl 


Robinso1 


ana 


its molecu 


pigment changed 
solutions were 


Pucher ef found 


ble phosphate with lead 


acetate, the precipitate removes nearly 


all the pigment found that 
the color is destroyed ermanganat 
such that the two nitrogen at in the 
pigment ci 

end point by oms from 


the permangal yPOpPOse 


t 
H.0 for 


the composition of the ‘ ‘ They 
found the mz 


the formula (¢ 


1X1 absorption of light 


November 196 


by a solution of the pigment oceurred 
at wave length 530 mu. 
BOD studies of beet wast 


little 


done concerning the 


have been 


reported (4), but work has been 


removal of color 
from beet waste; however, as a second 
that to 


from full 


found 
effluent 


waste, it 


ary observation it was 


produce an amber 


streneth beet Was necessary 


ie) Pass hy eT 


waste through a trickling 


filter & to 11 times 


Preliminary Examinations 
Light I) oper lies 


The maximum absorption wave length 
for beet waste was found to be 530 my 
This agrees with the values found by 
Ainley and Robinson (2) for the pure 


isolated color pigment 


The absorp 


tion curve obtained appears in Fig 
that the transmission 


carbol 


verv similar to 


It was found 
curve for bas fuchsin, a bae 
that 
and it was suspected 
might be 
addition of a 


terial stain, was 
for beet waste 

that the chemical structure 
Similar: but the 


hoth 


base TO 


beet waste and earbol fuchsin, 


turned beet carbol 


Also 


mtense eolor 


waste amber but 


fuchsin became a deeper red 
carbol fuchsin has a more 
than beet these ob 
that 


similar effeets 


pigment Krom 


servations it was evident while 


the two materials have 
on light, 
lar. It 


could be 


they were not chemically simi 
is probable that carbol fuchsin 
used as a color standard for 
beet color 
The results of color removal are ex 
f 


pressed as per cent of optical density 


removal; therefore, a dilution curve 


Was run on the beet waste to determine 
if it followed the Lambert-Beer Law 
Kieure 3 The dilution 


linear in which the 


curve Is 
pilot 
plant equation for 


the curve obta 


Optical Density 
0.016 


Waste 


0.002 
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FIGURE 2.—Transmission curve for beet waste. 


River Observations 


In practice not all materials are re- 


moved from wast: This would also be 


true for color removal; therefore, it 


to determine the level at 


could be 


Was hecessary 
vhich 
streal 

A test 


ial observers took part. 


detected in oa 


1 
COLO! 


in which four 
Varied 


were mixed in 


was conducted 


concentrations of waste 


+ 
-+ 
+ 
; 





a pyrex tube 2 in. 
The beet 


water 


in diameter and 18 
in. lone. waste was diluted 
with and the 
pended in the river to duplicate light- 


river tube sus- 
ing conditions which would be obtained 
Then 


asked to record the color they saw and 


in practice. the observers were 


its relative which is 
cated by the 
(Table III). 


intensity, indi- 


number of plus marks 








++-Nodel B Beckman 
| Spectrophotometer 
530 @ 
Sensitivity 3 
lt} Slit Width O.1] m 
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FIGURE 3.—Dilution curve for optical density of beet waste. 
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TABLE III.-Relative Color Intensity as Indicated by a Panel of Observers 


0.028 

0.038 

0.050 

0.042 , $ i + Color recog- 

nized 

O.06t 

0.040 

O.O78 

0.085 

0.100 


The observers knew only that they were set up and used as filters. These 
were looking for a color and made their were filled with rock to a depth of 6 
observations independently The tube ft Observations from these filters in 
was stoppered on the lower end with a dicated that color could be removed by 
black stopper, and the turbidity in the — trickling filters. A 100-ml sample of 
river made it impossible to see the the growth from the model filters was 
stopper Samples were taken from found to contain a total count of one 
each dilution, and the tical density billion organisms per milliliter. Many 
taken after the sampl were filtered algae were present in the growth. Data 
The observers recognized the color as taken from the laboratory filters in 
red, pink, or yiole a ecame aware dicated that DD per eent of the color 
of it at an optical density ol about 0.05 and about 50 per cent of the BOD w 
as measured with the spectrophotom removed from the waste. The BOD 
eter at a wave len: f 530 men and a loading rate was from 93 to 92 Ib/day 
sensitivity of thr 1,000 cu ft of media. The waste ap 

plied to the model filters had an optical 
Beet Waste 1 5 density of 0.50 and a BOD of 730 me /1 

The BOD of , Waste Was 
found to be in tl ee of 2.500 to Construction of Pilot Plant 
3,000 mg/l ke oe 

Other character : i Waste 


lot plant was built adjacent to 


the clarifier at a municipal sewage 
were determin by. Sampling at one treatment plant The trickling filter 


hour intervals for a nine-hour period 


was built from a wood stave cylinder 
Data are report 
The waste was noted foam easily, 


TABLE IV.—-Analytical Data for Beet Waste 


\ Val 


had a deep red color, ai contained 

pieces of beets up to 14 in. in diameter 

which made accurate sol determina 

tion difficult ‘Transmissior 
pH 


Settleable solids 


Trickling Filter Studies rahe 
otal solids 


Pre laminar Yy 


sample 


] ] + 
As preliminary studies to a larger Total solids (mg 


pilot plant study two glass cylinders Suspended solids (mg 
with an inside diameter of 4 in., and Dissolved solids (mg 


} pieces of 12-in. asbestos-cement pipe * Monochron 
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Spreader 
MEE fis 


a, 


influent Pump 


Overflow 


Collection Trough 


Filter 


Distribution 
Box 


= ow, 4 


7: 


Recirculation 
Pump 


Clarifier 


—> Effiuent 


FIGURE 4.—Schematic layout of trickling filter pilot plant. 


ft 6 in. in internal diam- 

and 7 ft tall The 

clarifier, which was placed next to the 

filter, tank 4 ft in 
diameter and 4 ft deep 

The 


constructed 


eter secondary 


Was a wood Stave 


filter 
?’s and 


the 
from alternate 2 
2 6’s. The 2 


for ie rock 


underdrain for Was 


X<6's acted as support 


and 2 X 2’s 


acted as 
spacers and were sloped to bring the 
to the front of the 
metal 
river-run 

$-in 


would 


filter where it 
The 


material 


flow 


was collected in a trough. 


filter rock was 
screened by a 2's-in. and 


sereen 


to obtain 


which 
but be 
This 


filter: and broken, 


rock 
$-in 

by a 214-in 

hand placed in the 


flats, 


pass 


through a retained 


sereen 
screen rock Was 
low 
The final depth 
filter was 6 ft. 
filter 


and near 


extreme and very density 


rocks were disearded 
of the rock in the 


The influent for the was 
pumped from the outer edge 


the surface of 


the municipal plant’s 


clarifier to a spreader mechanism on 
filter The flowed 
through the filter was col- 
the of the 
Krom the trough, the flow 


top of the waste 


down and 


lected in a trough at front 


filter was 


delivered by another centrifugal pump 


to a point in the center and 6 in. from 
the bottom of the pilot-plant clarifier. 
After the treated settled, 
it flowed over V-notch weirs into a eol- 


Waste Was 


lection trough. From the weir collee- 
the 


by gravity to a distribution tank where 


tion trough, treated waste flowed 
a portion could be recirculated to the 
spreader mechanism on the filter and 
the remainder discharged to the sewage 
plant outfall. 


eram is shown in Figure 4 


The complete flow dia- 


Test Procedure 
The 
pack in two periods during the season. 
8-hr 
week from July 31] 
and 8-hr shift 
tober 1 to October 13. 
operated with no recirculation and with 


canning plant completed its 


Two shifts were run 6 days a 
10 September 5, 
one from ()e- 


Was run 


The filter was 
recirculation ratios of 1, 2, and 3. 
With no recirculation, the filter 
operated at two BOD loadings, 61 and 
$1 Ib/day 1.000 cu ft. With a 
culation ratio of 1, the filter 
erated with a BOD loading of 71.4 Ib 
1,000 eu ft, and with a recireula- 
tion ratio of 2 the BOD 
61.5 lb/day /1,000 eu ft. 


Was 


recir- 


Was Op- 


day 


loading was 
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Optical Density 


To determine the optical density ol 


a sample it is remove all 
turbidity. 


were 


necessary to 


Asbestos fiber mats which 


burnt were found to remove 


enough turbidity trom sewage to give 


a transmission of 99 per cent at a wave 


length of 530 my at sensitivity 3 on the 


Thesi 
used for 


the 
analysis of 
The 


results 


spectrophotometer were 


same conditions 


samples from the pilot 
and the 


Asbestos IS 


plant 
filtrate appeared clear 
were reproducibl inert 


and would absorb little or no color 


When samples were run, a portion of 
filtered to the 
mat to absorb what color it would and 


the sample was allow 
then the sample for color analysis was 
collected. the 


mats revealed that they 


Examination of used 
dis 


little 


the as 


were hot 


colored by the waste; therefore, 


or ho color Wels absorbed by 
bestos fiber. but they were vers effec 
tive in 


removing turbidity 


Results 


On August 
filter was subje 
61 Ib/day BOD and 
optical density reduction of 23.8 and 
11.0 
tained. On 
average BOD loading 
41 Ib/day 


optical density 


the 
load ol 


31 and sept mber 1, 
BOD 


‘ted to a 
1.000 eu and a 

were ob 
and 6 the 
WAS decreased to 


BOD 


per eent 


respective ly, 


September 5 


1.000 en ft. the and 


ovals were increased 


to 33.7 and 21.7 per cent, respectively 


filter 
was operated without recirculation 
The BOD and 


moval can be inere 


During these four test days the 


optical density re 
recirculation 
The 


recir 


ased by 


as shown in Figures 5 and 6 


average BOD loading when a 
culation ratio of 1 was employed was 
71.4 lb/day,/ 1,000 cu ft, and the 
age BOD loading was 61.5 lb/day 
cu ft 


was used. The 


aver 
1,000 
ratio ot 2 


Kig 


are 


when a recirculation 
points plotted in 
recirculation 
August 3] 
stated before. 


ures 5 and 6 at no 
and 
the 


two 


average values fron 


September 1] As 


average BOD loading on _ these 
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WPCE November 1960 


1.000 ecu ft The 


comparable 


days was 61 Ib/day 


loading rates studied are 


used for the desien 
filters for 


All other pots 


to that commonly 
of high-rate trickling treat 
ing municipal sewage. 
are average values also 
During the testing period for recir- 
culation ratio of three 
difficulty 


BOD dilution water and 


occurring at 
end of 


season Was experi 
enced with the 
several blocks of BOD data were lost: 
consequently 
that 


not 


t Was hecessary to assume 
since the hydraulic loading was 
the BOD 


to day, 


changed and was com- 
the BOD 
loading for the reeireulation ratio of 3 


that for the 


parable from day 


was comparable to ratios 
of 1 and 2. 
The broken line in Figure 6 was ar 


rived at by use of the equation 


recirculation factor, 


rate of incoming sewage, 


rate of recirculation, 


recirculation ratio, and 


the 
removing putrescible 


a factor which considers 
effect ol 
matter with each pass through 


the filter 


give the value of 
The f 


the dashed line in 


Fair and Geyer (5 
f as about 0.9 value used for 
Figure 6 was 0.85 
It is evident that the filter’s response 
to recirculation was good in comparison 
filter the 
previously given is an em 
the effect 


expected from 


tO past since 


I 
equation 


experience, 


pirical one which 
on BOD removal to be 
recirculation 


expresses 


To determine if the red color would 
treated 
treated waste were first 


basic No 


return to biologically waste 


portions of the 
made 


acidified and then 
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eolor either 
basis of the 
conclusion that if a clear effluent could 
be produced by treatment with a trick- 
ling filter there would be no return of 


change was observed in 


which formed the 


Case, 


color in the dilution stream. 

Figure 7 shows the optical density of 
effluent 
average optical density of the influent 
to the pilot-plant filter. The optical 
beet which the 
identified in the river 


each in comparison with the 


density of the color 
four observers 
also is shown. ‘To simulate an observer 
in a boat the observations were made at 
a distance from the sample tube. From 
Kigure 7 it is evident that the filter fell 
far short of producing a desirable ef- 
fluent 


Other Tests 


In an effort to learn of other methods 
of color removal from beet waste, brief 
tests were made with various forms of 
Materials 
ferric 


used 
chloride, 
sodium chloride, activated carbon, ear- 


chemical treatment 


were chlorine, lime, 
bon dioxide, ammonium hydroxide, and 
sodium hydroxide 

Kor the 


unstandardized synthetic 


waste used. sliced whole beets were 
soaked in hot water. 
Results of these tests with individual 


materials are summarized below. 


Chilo Vile 


It would require more than 500 mg/] 
available chlorine to remove the beet 
This would amount to a 
1,000 gal waste. 


waste eolor. 


cost of about 504 


Lime 


At a cost of about 15¢ 


Waste 


1,000 gal, 
precipitation with lime removed 
about 50 per cent of the color when the 
final 


waste plIl was 7.4 or below. 


Sludge disposal would be a problem. 


| rrit Chilo ide 


Ferric chloride was not effeetive in 


remoy ing color. 
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1 2 
RECIRCULATION RATIO 


FIGURE 5.—Effect of recirculation 
color removal. 


w 
o 


BOD REMOVAL 


*8 


1 2 
RECIRCULATION RATIO 


FIGURE 6.—Effect of recirculation on 
BOD removal. 
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FIGURE 
Nodium Ch 

No color cha 
Activated ¢ 


carbon 


all 


Large an 


were requ very sim 


amount ot 


Carbon Dio 


No eolor 


Amnon Ilydroxide 


Use of ammonn j Was not 


effective 

Sodium Ilydi 
No pre 

addition of 


the 
the 
sodiun 


intil 
tO 
Waste accon 
imber color was ob 


ethod 


hydroxide 


tained 


Discussion and Conclusions 


The 
filter 
further 
if the 
combined wi 
BOD re 
apparent that 
filter loadu 
factory efflu 
the loading 
Whether 


BOD ot-plant 


that 


Was por obable 
eolor 
or if the 


load 


mova 


but 


low 


" 
Produces . 


essarily 


7.—Average hourly optical density of filter influent and 


possible 


that the 


economical 


effluent 
procedure would determine its useful 
hess 
The 
fered 


conclusions of 


are 


] | Sine oh 


how 


filters 
treat 
ade 
beet 
and 
detee 


rate trickling 


found unicipal sewage 


ment plants there would not be 


quate treatment to remove enough 


‘olor f 


domestic sewave TO 


combined beet waste 


ron 
prevent its 
in a receiving stream 
2. Increasing the 


thie emova 


tion 
reeirculation ratio 


Increases of beet 


eolor by 
trickling 

loading in 
BOD 
f chlo 
from beet 


eould be 


would be 


and 


eolor 
s large amounts 0 
the eolor 
but 1} eontact 


sludge 


waste, Time 


short pro 
duced 

atment produces a good 
would require 


sludge 


tested were 


eolor ‘edu on but 


processing volumes of 
not 


beet 


1 
aterials 


moving color from 
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Oregon State College Engineering Ex- National Canners Assn., Washington, 
D.C. (1939). ! 


vallis provided their weekly operating 
schedule and cooperated in the sam- 


periment Station provided funds for . 
re : ‘ . 5. Fair, G. M., and Geyer, J. C., ‘* Water 
BEE ATG “ e p i = ir, , yer, ‘ 
mae ! ial rh a ublic He alth Supply and Waste-Water Disposal.’? 
Service provided funds for academic John Wiley and Sons, Inc., New York 
work, (1954 


KOMLINE APPOINTED BDSA ADVISOR 





"Ly 


cal 
b “ae 


Thomas R. Komline, President of the Komline-Sanderson Engineering Cor- 
poration, recently was named Assistant Director for Mobilization Planning, 
Water and Sewerage Industry and Utilities Division, Business and Defense 
Services Administration, U. S. Department of Commerce. 

Mr. Komline joins BDSA on loan from his company without compensation. 
This arrangement with industry makes key executives available for temporary 
assignment and equips them for staffing the operation of a production ageney 
n event of a national emergency 

In this photo Mr. Komline is shown being sworn in by BDSA Administrator 
William A. White, Sr 





Stream Pollution 


A REAPPRAISAL OF DEOXYGENATION RATES OF 
RAW SEWAGE, EFFLUENTS, AND RECEIVING 
WATERS * 


" 
By GrorGI SCHROEPFER 


Re spectively, P 
Nanitary &) 


Na? 


General 


The Mississippi River, for a_ total 


stretch of 100 miles 


approximately 
the Minne 
Paul. the sub 


ject of analyses by various agencies for 


above and below cities of 


apolis and St has been 
a continuous 
the The 
tions in this area are 


l. As a 


erowth in 


period from June 1926 to 
present time sampling sta 
Kigure 
rapid 
the 
Dis 


five-year 


shown in 
consequence of the 
this metropolitan area, 
Minneapolis-Saint 
trict 


program ol 


Paul Sanitary 
inaugurated in 1956 a 


investigation 


research and 
The research phase of this program has 
the 
Division of the 
University of Minnesota and the Min- 
neapolis-Saint Paul Sanitary District 


been a cooperative study between 


Sanitary Engineering 


As the program relates to Mississippi 
River investigations, a statistical study 
has been made of the past record of be 


havior, both before and after the pro 
vision of sewage ‘atment by 


of Minneap 
Included 


the cities 
lis and St. Paul in 19: 
the re 


estimation of 


part of 


progran is the 


as a major 
search 
degree of tre 


itment 


requirements mm 
future years, involving a consideration 
of the many variables which affect de 


oxveenation ‘ation, such 


* Presents 
Central St 
Assn.: Mint 


MAURICI 


L.. Ropins, AND Russeti H 


V nesota: Chief 
and Research 
V eapolis, Minn 


river and char 
affects 
reaeration, river 


and 


sewage discharge 


acteristics, river regimen as it 


flow times and tem 


solar radiation, wind diree 


perature, 
tion and velocity, regulation of present 
and possible future 
flow 


erit eal 


reservoirs 


storave 
for low augmentation, river aera 
tion in Various 
and the 


amount and type of effluent discharges 


stretches by 


methods, and the loeation 


central and regional 


treatment pl 


from wastewater 


ants in the future 


Results of Preliminary Investigations 


In the preliminary calculations it 


was apparent that the deoxygenation 
5.9-mile ‘stretch of the 
from mile 16.8, the dis 
charge point of the Minneapolis-Saint 
Paul MSSD) ef 
fluent 
in the sag 
eould be « 
initially computed for the 


rates in_ the 


Hastings pool 


District 


le 22.7, 


Sanitary 
ton the usual low point 


curve, were ereater than 
the 
wastewatel 


the South 


‘aleulated using values 


nerements In this reach 
St. Paul effluent is 
charged (at mile 20.5 A 
the data 1942 to 
water temperature 
s°% shows an 


SSP also. dis 
review of 
1955 


eonditions of 2() 


fron under 


average disparity be 


tween observed and ealeulated = dis 


oT 


content at mil 
indicated 


solved oxygen 


first-stage 


0.04 for 


using the earlier 


deoxvgenation constants of 
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*IGURE 1.—Mississippi River sampling stations. 

entering river water, 0.22 for MSSD ef- tion, the rates may be somewhat high 
fluent, and 0.11 for SSP effluent—of for this upper section. However, as- 
125,000 Ib/day with a range for the suming that no reaeration occurred in 
seven vears of 95,000 to 162,000 Ib the 5.9-mile stretch, the average differ- 
day. At river discharges of 8,200 efs, ence of 125,000 Ib/day would be re- 
which occurred during this period, the duced by only 30,000 Ib/day in the 
difference averaged 2.80 mg/l. various years. The calculated flow 

Reaeration rates used in these eal- time between mile 16.8 and mile 22.7 
‘ulations were average values deter- at the discharges occurring was ap 
mined over a number of years for proximately one-half day The total 
downriver secti if the Hastings pool entering river and wastewater pollu- 


miles 22.7 to 33.9 Because of re tional load discharged in this stretch 


ported effects of detergents on reaera- averaged about 250,000 Ib/day of 5 
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day BOD, of which 30,000 lb/day were 
indicated as being satisfied in the 


mile 22.7 at the 


one 
half-day flow time to 
deoxygenation 


rates employed 


A number of factors were recog 


nized as this 


Poss bly eonti ibutineg to 


these 


discrepancy Included 


amone 


were such items as unrepresentative 


sampling in this heavily polluted zone 


because of inadequate mixing and dis 
persion or because of hourly variations 
in dissolved oxvgen content by reason 


of pollutional load or photosynthetic 


reaeration The inaccuracies in flow 


time and surtace area determinations 
were recognized and subsequently re 
The effect of 


and recent 


hottom 


viewed past 


sludge deposits and slime 


erowths which could cause a high rate 


of initial deoxygena ion were eon 


sidered 


Deoxygenation Rates Investigation 


It was apparent that an important 


avenue of explanation must be sought 


in rates of deoxygenation in this upper 


stretch. The river ippeal to ‘‘be 


have’ normally | * mimimum 


] +>») 


point at mile 


lo answer some of the 


questions eon 


cerning apparent rates of deoxygena 


tion as they affected and may in 


past ; 
fluence future river behay or, a project 
Initiated which up to the 
more than 5.000 BOD 


The 


past pe 


was present 
time has involved 
determinations possible explana 


tions for unusual rformance in 


approximate ¢| ronologieal order were: 


1. BOD computation ne of the 

that 
the method en ploved in lating the 
BOD demand at the initial point (mile 


16.8), a weighted combination of ul 


first suggested explanat nS Was 


mands of effluent 
This 


lnvestiva 


first-stave de 


timate 


and river waters, was erro! 


“en, 
apo! 


was studied by 
tion of 


Tory 


this 


dilutions mnportant TO 


situation of 1:12.) 
fluent to river wate 
2. Time Another 
lated to the effect of 


JOURNAL 


WPCF November 


1960 
Since the very rapid deoxygena- 
the first 0.25 to 
tests was started 


ae: ae oe 


hO ln. 


tion Was occurring 1n 


1.0 day Ss. a series of 
$-) S-, and 12-hr and 


7-, and 10-day BOD analyses 


to study 


4. Sample storage. To investigate 


the effect of storage of samples under 


time and condi 
before 
study of this factor was conducted. 

4. Dilution 


suggested that sample dilution was a 


Varlous 


temperature 


tions. laboratory analy on. 2 


Because it has been 
factor in deoxygenation, this element 
was also included in the test series. 

». Effeet of 
raw sewage and various types of plant 
effluents. A the 


program was devoted to the determina 


deoxygenation rate of 


large part of test 


tion of deoxygenation rates for raw 


sewage, primary settled and chemically 


treated effluents, and secondary ef 


taken from 
Primary settled 
effluents ineluded 
the MSSD primary plant 


fluents Raw sewaeve was 


two and 


SOLULrCeS 
chemically treated 
samples fron 


and from the chemical precipitation 


pilot plant. Secondary effluents were 


taken from trickling filter effluents and 


from pilot plant activated sludge ef 


Auents of various ty pes 


While th 
cid 


crepancies noted, they did 


study of deoxygenation 
the 


\ ield Some 


not comple hy explain dis 


sults which differ sie 


Interesting re 


nificantly fron commonly accepted 


values and th This is the prin 


‘OTTLEOS 


. { 


for this presentation 


ASO 


Sampling 


River san ples were colleeted at a 


representative depth, based on earlier 


How pattern investigation, at previously 


established stations 


Supplemental in 
formation as to temperatures, weather, 


and samplin ¢ conditions were recorded 
Portable ice 


samples collected during the summer. 


oolers were employed for 


Samples of raw sewage and primary 
24-hr 


during the 


settled effluent re automatic 


eomposites, except studies 


1 4 | 
on the « storage when grab 
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TABLE I. 


Mississippi River 

Mississippi River 

Conventional activated sludge effluent 

High-rate activated sludge effluent 

tapid adsorption-sludge reaeration effluent 

Chemical treatment effluent 

MSSD raw sewag 

MSSD primary settled effluent 

MSSD primary settled effluent 
eration effluent 


Miscellaneous sources 


€ 


samples of the effluent were used and 


where otherwise noted. Pilot plant and 
demonstration plant samples were com- 
posited at 2-hr intervals for each 24- 
hr period 


All analytical 


formed in 


analyses were per- 
estab- 
Ex- 


cept tor investigations on the effect of 


conformance with 


lished standard procedures ] 
temperature, 20°C incubation was em- 
ploved throughout this investigation. 
, and 12- 
7-, and 10-day incubation 
Darkened 
incubators 


Various combinations of 4-, 8 


used 
controlled 


were 


pel iods 


thermostatically 
were used for all three temperatures. 


Immediate oxyven demand was <de- 


termined on BOD analyses of primary 


The 


nificant 


ettled effluent samples immedi- 


ate demand was insig and was 


discontinued 
$35 samples from various 


A total of 
eS Was collected this 
The 


} 
made on 


during 


phase of the research 


program. 

analytical determinations 

these samples totaled 5,046 
Table 

On Various types of samples : 
At 4°C 


tions; at 20°C, 3,826; 


I lists the determinations made 


there 673 determina- 
30°C, 547. 
In addition to the above samples, 1 


and 10-day BOD 


were 


and at 


determinations 


routine laboratory 


procedure on 
from 1926 to 1948 at 


1 l 4 
les collected 


tations shown in Figure 1. 


Samples and Determinations 


Samples Determinations 


MSSD primary settled effluent 


rapid adsorption-sludge 


5,046 


Analysis of Results 

General 
The work of Phelps (2) and Streeter 
and Phelps (3) referred to in 
studying the rate constant. In 


was 
this 
early work the value of A was thought 
to be constant at 0.1, but later it has 
been found to vary over a wide range. 
In this classic work the BOD equation 


is 
1) 
where 
Ae BOD exerted in time ¢; 


L ultimate or total 


BOD: 


first-stage 


a deoxygenation constant de- 
fining the rate at which the 
reaction proceeds at a particu- 
lar temperature; and 


time in days. 


In the 
covered 


present studies it dis- 
that the 


did not describe the deoxy venation be- 


Was 


monomolecular law 


havior of raw sewage and certain treat- 
ment process effluents for periods less 
BOD values 
incubation 


than one day. Measured 
at 4-, 8-, 12-hr 
were up to 75 per cent greater than the 
from the 1-, 3-, 
o-day BOD determinations 


and times 


values caleulated and 
llowever, 
the deoxygenation of effluents of see 
treatment is satis 


ondary 


processes 
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factorily ibed by the monomoleeu 


The 


{ 
those 


les¢ 


lar equation following discussion 


is divided into wastewaters and 


receiving Waters 1 hot! 


eroups 


Monomolecular Pattern 
( ‘alceulation 
The 


method, 


Rate Co fants 


Ll 


| 
selectiol oT 


the 
as developed DY \loore 
K 


determinations 


moments 
ot al 


values from 1] 


} . for computing 


3-, and 5 day BOD for 


this investigation was based on a com 
methods 
the 
the 
the 
In this phase of 


from 0.015 


study of the thre 


parative 


most 7 employed a 
Reed Theriault 
Thomas slope method 


method 


COTRINONLS 
method (5 b 
0 and c 
“moments 
the study A’ values ranging 
to 0.300 were calculated by these three 
ef 


) 


methods from 52 settled 
fluent 
The 
used to ascert: 
vided the line 
Table I] 


ard 


primary 


and recel\ ater analyses 


Stimate Was 


standard 
ocedure pro 
stand 
errors thre 
methods 


Although tl eed-Theri 


resulted in 


ault method 
he 


smallest 


having t 


standard the ‘‘mo 


ments’? method, providing approxi 
alen ace acy, 


Was Sse 


mately equir 
lected for 
applicable to large voli 


use beeca t is especially 
nes of data and 
consuming 


f the Reed 


does not 


require the time 


} 
lions Oo 


trial and error caleulat 
The riault 


method 


POT Hay 
BIOLOGIC! j 


1. Acti 


appeared 


since 


CSS 


it activated 


sludge odifieations 


TABLE II.—-Average Standard 
Error of Estimate 


O.OLS 
0.100 
0.200 


0.100 
0.200 
0.3500 


WPCFE November 


1960 


TABLE III..-Deoxygenation Constants for 
Conventional Activated Sludge Process 
Effluent (20° C with Preliminary 
Sedimentation 


BOD 


Removal 


per cent 


Q7 
Qe 


Q7 


0.046 
0.071 
0.087 
0.132 
0.099 
0.076 
0.030 


erminate 


LST 


* Samp! from small-se: 
pilot plant 
T Samples 


11 


taken in 


IS trom 


1O60 


Lar Ze-sci 


demonstration } 


would be employed in expansion of the 


MSSD, a program of testing over a 


wide range of loadings and aeration 


times was conducted on a small-seale 


St) TO Y4) opad 


pilot plant for nearly 


and on a 3.5-med demon 


pli nt 
The 
consisted of seven 16-ft plexiglass tubes 


oft » TO 


ars, 


two ve 


stration operated for several 


months small-scale pilot plant 


to 6-in. diameters allow for 


flexibility of and sedimenta 
The 
demonstration plant is a two-pass, 16-ft 


| »\ 


of t 


aeration 
tion detention periods large-scale 


290-ft lone. flocculation 


MISS] 


wide air 


tank he treatment plant 
converted tO al activated sludge plant 
the of 


diffusers, and baffles dividing t 


by installation pumps, piping, 


ons to. allow { 


tank 


nto variable secti or 


flexibility of operation. Measurement 





TABLE IV. -Deoxygenation Constants for 
Conventional Activated Sludge Process 
Effluent (20° C without Preliminary 


Sedimentation) 
BOD 
\eration Re 
1) } Pir moval 
per 
cent) 
June 30 (1958 0.065 id 7 
July 2 0.053 1.5 Yj 
Aug. 12 Indeterminate 10.1 Mn 
1 10.1 OS 
14 4 | S.7 s4 
12 (19059 0.048 7.4 OO 
13 0.054 74 SO 
17 0.085 6.5 92 
i Is 0.041 oe 8Y 
% | 0.017 15.0 7 
20 0.049 5.8 92 
IS 0.039 6.5 So 
L. 2 0.054 5.8 SS 
Nov. 16 0.060 9.0 so 
17 0.050 8.1 91 
| Is | 0.050 U6 3 
*Samples of June 30-August 14, 1958, from 


ill-scale pilot plant 


November 


August 12 
from demonstration plant 


s imples ol 


18, 1959 


ot raw sewage and return sludge flows 


is accomplished by magnetic flow 
The 


these pilot plants is taken from a chan- 
nel of the MSSD treatment plant after 


meters raw sewage treated in 


removal of screenings and erit. 

All activated sludge 
deoxygenation constant data presented 
1959 


samples taken from the small-scale pilot 


process effluent 


with dates prior to April were 


plant; those samples taken after June 
1959, which comprised the major frac- 
large-scale demon- 


These 


analyzed to verify 


tion, were from the 


stration plant later data were 
the previous pilot 
plant results on a plant seale. 

During the course of pilot plant and 
investigations, a 


lemonstration plant 


number of variations of the activated 
sludge process were studied with mul- 
tiple BOD analyses being performed 
to determine deoxygenation character- 
isties of the effluents 


The 


tion constant analyses were performed 


variations on which deoxy vena- 


were: (a) conventional activated sludge 
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process, (b) high-rate activated sludge 


process, and (¢) rapid adsorption 


sludge reaeration. Conventional ae 
tivated sludge process operation was 
conducted with and without preliminary 
sedimentation of 0.5 to 1.5 hr, the other 
two variations being operated without 
preliminary sedimentation. 
The operation of the 
activated 


conventional 


sluc ve process consisted of 
return 


sludge for planned variation of 5 to 10 


aeration of raw sewage and 
hr and secondary sedimentation of 2 to 
with 25- 


flow. 


> 


3 hr to 50-per cent 
The BOD 
ployed in this process were from 15 to 
35 Ib/day /100 Ib SS in aeration tank. 


High-rate activated sludge involved 


return 


sludge loadings em- 


aeration of raw sewage and approxi- 
mately 10-per cent return sludge flow 


for 2 to 3.5 hr followed by 2- 


to 3-hr 
sedimentation. The BOD loadings were 
from 200 to 400 Ib/day/100 Ib SS in 
aeration tank. 

Rapid 
consisted of aeration of the 


adsorption-sludge reaeration 
mixture of 


raw sewave and reaerated return sludge 


TABLE V.—Deoxygenation Constants for 
High-Rate Activated Sludge Process 
Effluent (20° C without Preliminary 


Sedimentation) 

\eration BOD 

Date* K Dime Removal 

nt per cent) 
Sept. 17 (1958 0.135 2.07 78 
| IS i 0.144 2.19 SI 
Feb. 17 (1959 0.200 1.05 63 
Is 0.204 1.05 64 
24 0.225 1.05 60 
| 29 J 0.191 1.95 61 
Jan. 12 (1960 0.219 2.56 85 
13 O.189 2.56 && 
14 0.193 2.54 OO 
Is 0.248 2.54 8S 
ih O.185 3.31 S4 
25 0.180 3.12 I 
‘ 26 0.159 3.28 Q3 
Feb. 8 0:203 1.92 R85 
+) 0.248 1.9 8&3 
L 10 ‘ 0.221 1.94 S35 


*Samples of September 17, 1958-February 
25, 1959, from small-scale pilot plant; samples 
of January 12-February 10, 1960, from demon- 


stration plant 
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= 1 + 
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BOD, mg/I 











2 
TIME , Days 


——— — WITH PRELIMINARY SEDIMENTATION 
WITHOUT PRELIMINARY SEDIMENTATION 


FIGURE 2.—Deoxygenation curves for conventional activated sludge 
process effluent samples. 


for 30 to 45 min, followed by : BOD loadines as will be shown later 


hr sedimentation J return sludge Values of A for the period of August 


flow of 30 to 5 er cent of the raw 14 to 2S. were indeterminate; that is, 


{ 


sewage flow was reaerated for approxi the deoxygenation did not appear to 
mately 4 hn based on raw sewage be described by the monomolecular 
flow) prior to mixing with the incom BOD equation The deoxygenation 
ine’ raw sewagt BOD loadings were rate was such that negative A values 
about 15 to 35 lay /100 lb SS in would be necessary to describe this be 
aeration tank havior, indicating that the effluent was 
Table IIL presents the deoxygenation well stabilized 
constants computed from samples of The AK values computed from sam 
the effluent of the conventional ae ples of the effluent of the conventional 
tivated sludge process with preliminary activated sludge process without pre 
sedimentation. The determinate A val liminary sedimentation are presented 
ues are low, ranging from 0.030 to in Table IV. These rate constants are 


0.132, and depend on aeration time and also low, ranging from 0.017 to 0.085, 
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with three values being indeterminate TABLE VI. -Deoxygenation Constants for 
or newative Rapid Adsorption-Sludge Reaeration 
: is . Process Effluent (20° C without 
igure 2 presents the deoxygenation 


: Preliminary Sedimentation) 
curves for conventional activated sludge 


process effluent, with and without pre- 


\e ration BOD 
liminary sedimentation. These curves Date A Time Removal 
e E é 1460) hr) per cent) 
have been replotted in Figure 3 with 
the ordinate expressed as BOD at any April 13 0.170 9.15 79.2 
} - mm 20 0.227 5.48 77 
time divided by the 5-day BOD. The Geid 4 ce 
: : ‘ : 4 21 1 0.222 6.84 76.4 
purpose of this type presentation is to 
show that the shape of the BOD eurves 
when determinate A values oceur) from 0.135 to 0.248 indicatine a de 


for the effluent of this process are simi- oxygenation rate much greater than 
lar regardless of the magnitude of the that of effluent from the conventional 
)-day BOD value activated sludge process. 

The K values computed from samples Table VI presents the A values of 
of the effluent of the high-rate activated the rapid adsorption-sludge reaeration 
sludge process are presented in Table — process effluent. These deoxygenation 
V and the BOD curves are plotted in constants are of the same order as 
Figures 4 and 5 in the manner previ- those of the high-rate activated sludge 
ously presented. These A values range process effluent. 
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FIGURE 3.—Comparison of deoxygenation rates of conventional 
activated sludge process effluent samples. 
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FIGURE 4.—Deoxygenation curves for high-rate activated sludge 
effluent samples. 


Fieure 6 presents a plot of the varia lated from these dat: y the method 
tion of A values with aeration time of lea quart The effect of BOD 
As previously indicated, values are loading on the value of A is presented 
affected by the degree of stabilization in Figure 7 These data indicate a de 
or conversely i@ loadine on the ae crease in A with a deereasne BOD 
tivated sludge proc The points o1 loading. The empirical relationship in 
this curve are of th itional ae terms of the BOD loading parameter 
tivated sludge proc with and with hecomes 
out preliminary “liimentation and the 
high-rate activated ulge process as x 0.01] Ib BOD per day 
contained in Ta IV, and \ \V 100 Ib SS under aeration 
This figure indicates a decrease 
with an increa aeration time The 2. -‘Trickling 

oxygenation behavior of the effluent of 


filter proc The de 


the trickling filter process was in 


vestigated by conducting BOD analyses 
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FABLE VII. -Deoxygenation Constants for 
Trickling Filter Process 
Effluents—20 C 


e P 


1959 0.225 
O77 
0.192 
O.179 


0.208 


0.237 


effluents of the Anoka 
and South Saint Paul, Minnesota, sew- 


on samples of 


age treatment plants, which are of im- 
portance in this metropolitan problem. 
The Anoka plant is a high-rate trick- 
ling filter process treating wastes from 
a community of approximately 15,000. 
More than 90 per cent of the 


Wastes South 


raw 
Saint 


with an equivalent popula 


received at the 
Paul plant, 


1.0 I 
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tion varying from 300,000 to 600,000, 
are from meat packing plants and the 
loadings on the trickling filters classify 
them as roughing filters. 

The A from the 


analyses performed on the effluents of 


values calculated 
these two trickling filter process plants 
are presented in Table VII. These de 
oxygenation constants are similar to 
those of the high-rate activated sludge 
process effluent (Table V 
a similar degree of stabilization 


indicating 


Receiving Waters 
BOD 
River were conducted at 1-, 5 


analyses of the Mississippi 
, and 10- 
days during the period 1936 through 
1948 at the 23 sampling stations shown 
in Figure 1. 
taken at 
temperature was 20 + 1°C, the 
to 0.146 


From the 40 samples 


mile O-5).5 when the river 
water 
range of A values was 0.008 


and the mean was 0.065 
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FIGURE 5.—Comparison of deoxygenation rates of high-rate activated 
sludge effluent samples. 
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2 4 6 
AERATION TIME, HouRS 


WITHOUT PRELIMINARY SEDIMENTATION 
@ DEMONSTRATION PLANT 
@ SMALL SCALE PILOT PLANT 


WITH PRELIMINARY SEDIMENTATION 
© DEMONSTRATION PLANT 
> SMALL SCALE PILOT PLANT 


FIGURE 6.—Variation of K with aeration time. 


The restriction of samples taken for 41 samples when the river tempera 
when the river temperature was 20 ture was 20 1°C varied from 0.004 

1°C was to eliminate any possibility to 0.094. with a mean of 0.04 
that the change from river to incu Additional sampling at the same sta 
bator temperature might affect the de tion was conducted in 1958 at river 
oxygenation rate temperatures of 20° =1°C. The mean 

Mile 0-5.5 is located upstream of the A value of eight samples was 0.086, 
Minneapolis-St. Paul metropolitan area’ with a range from 0.058 to 0.122, in 
where the river is relatively free of dicating some increase in ‘‘fresh’’ pol- 
fresh pollution as indicated by the low lution above this point in the river 
A values 

Me pate eanctedie far mile 288. Non-Monomolecular Pattern 
more than two days’ flow time farther As will be shown later monomolecu 
downstream and three miles above the lar BOD curves computed by the ** mo 
outfall of the MSSD treatment plant ments’” method using’ the l-, 3-, and 
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) day BOD values did not describe the 


deoxygenation occurring in less) than 
Ol day Lon 
tled effluent, 


effluent It is 


raw sewage, primary set- 
treatment 
the AK 
illus- 


this behavior, A values were com- 


chemical 
that 


time. To 


and 
indicated 
value decreases with 
trate 
puted for increments of the multiple 
BOD analyses using the direct com- 
putation method 


then 


An empirical expres- 
which de- 


S1On Was developed 


scribes having ae de- 


deoxygenation 
creasing A value 

The direct computation method of K 
value calculation is based on the prin- 
ciple that a curve can be described by 
three The 


zero tin 


pomts 


pomts used in this 
study were e and any two other 


incubation periods of a multiple analy- 


0.250 
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sis. When a measured BOD value LY, 
and its time f¢ 
stituted monomolecular 
mula, 


incubation 
the 
two unknowns 


are sub- 
for- 
the de- 
and the ul- 
Since the ultimate 


same for all 


into 
remain, 
oxygenation constant A 
timate demand L. 
demand is the time pe- 
riods of a single sample analysis, it can 
be cancelled out of the following ratio 
of measured BOD values at two differ- 
ent time periods: 


X,, _ L(l — 10-*4) 
X, L(i — 10-**) 


As K is the only remaining unknown 
in this the 
constant determination becomes a trial 
and 


equation, deoxygenation 


error calculation. Curves for 
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FIGURE 7.—Variation of K with BOD loading. 
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previously determined periods 
facilitate this calculation 


As one of the disadvantag ~ thy 


monomolecular formula is 
timate demand ca 
ured, it 
pirical relationship on the 5-day, 20°C 
BOD value which is the 


for computing ren 


nnot be directly meas 


was decided to base the em 


usual measure 


oval efficiencies and 


ant loading rates 


treatment | 
The daily BOD rate at any 


be determined by dividing the 


Time can 
BOD 
incuba 


satisfied by its corresponding 


tion time By setting th 
BOD 


sing all other daily BOD rates relative 


) day daily 


rate equal to unity and expres 


to the o-day rate, a workable 


daily 


relation can be deve loped 


nn BOD, ¢ 
his relation, ~ -, When 
5-day BOD » 


on logarithmic paper 


plotted 


time, vields a straight line. The 


Versus 
equa 


tion of this line 


BO], /t 


where a 

and b is tl 
The equa 

verted to 


time fim 


BOD 


BOD 
Another mi thod tha used to 


express data having Casing K 


TABLE VIII. 


RNAL 


Incremental Deoxygenation Constants (20° C 


WPCE 


value is the log-difference method pro 


posed by Tsivoglou (7) resulting in a 


compound BOD curve (two simultane 
ous monomolecular reactions with dif 


ferent A values 


Raw Sewmade 


BOD detern 
hr, and 1, 


on samples ¢ 


and 12 
3. and 5d days were conducted 


the 


nations at 4, 8, 


sewave taken at 
The A 


**moments’’ 


raw 
\ISSD treatment plant 


values 
method 


and 5 day sequence as 


calculated by the 
using the 1-, 3 
values 
The 


periods less 


as the incremental W 
VII 


values for the 


well are 
presented in Table 
mental A 


than one day 


nere 


are extremely high, 
0.42 to The K 


time ratios 1 day 


vary 


Ine from values 


for the 4 day and 


>) day 


those 
method 


9 dav closely a proximate 


computed by the ‘‘moments”’ 


This decreasing A value with time is 
illustrated in F 


5O1D rate 


eraphically igure 8 


the 
» lay daily BO]) rate Is plott d versus 


where relative to 


] ] 
adalis 
es corresponding to various 
K values have 
ure. The daily 


the 5-day da 


time Cur 
been drawn on this fig 
BOD rates relative to 
BOD rate for the 
average of the six raw sewave samples 
Table VIII have 
with the 


presented l been 


plotted alone eurve repre 


senting th empirical expres 


S1On The Ny ‘al curve starts out 
le MOHO 


0.10 and 


from the 5-da in tween tl 
moleculay cur 


OPO: however slope of this 


curve 
period less 
that of the A 


indicating the 


Iereases 


rapidly 
than one day excecding 
curve O50 


value reac 


tion has an extremely high A value at 


a period less than one day 


for Raw Sewage 


Representing Six Days 
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FIGURE 8.—Variation of K with time for raw sewage. 





Figure 9 presents the average BOD — yalues again fall above the monomolec- 
values for the six raw sewage samples ular curve. The incremental K values 
ith the average monomolecular 


for these two samples (Table LX) in- 
empirical curves. The 4-, 8-, and 


und dicate a decreasing A value as in the 
12-hr BOD values fall above the mono- : 
case of the raw sewage samples pre- 


sented in Table VIII. 


molecular curve, whereas the empirical 
eXpression provides a reasonable fit to 
the measured data : 
: ; : TABLE IX.—Incremental Deoxygenation 
In order to test whether this high- wie 
Constants for Raw Sewage 
nitial demand might have been Samples (20° C) 
hy the presence of an industrial 
peculiar to this metropolitan 
raw sewage samples were taken 
Zast 38th Street sewer in Min- 
This sewer services an arez 
I") rvi an area + hr/8 hr 
almost exclusively residential 8 hr/12 hi 
1957 =population, 120,700; average 12 hr/I day 
sewage flow, 11.55 mgd Figure 9 1 day /3 day 
3 day /5 day 


gee Moments method 
and the monomolecular and empirical \- 


es. The 4-, 8-, and 12-hr BOD 


also presents the average BOD values 


, 3-, and 5-day 
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Primary Settle 


The BOD 
tled effluent 
of the effluer 


plant. The 


the period oft 


1.6 hr; rem 


tO 


generally 


cent and 60 to 


Multiple | 


ples oft primary 


BOD, mg/\ 


BOD, mg/I 


it of the 


ral ec 


SOD a 


ljOURNAL WPCF 1960 
ES. 12 hr. 
incremental A 


io: 
values for 
Table X 
A values computed by 
method As the 
the values for 


conducted at and and 
The 
these analyses are given 
the 
‘**moments ” 
of 

the periods | 
high. Figure 
e BOD value 


d Eftluent 


1 r »~) davs. 
analyses ol set ; 


primary 
; Ih) 
vere conducted on samples 


wit! 
MSSD treatment eo 


along 


the in 


tion period during 
sampling ranged from 1.4 
of BOD 


3) 


deten 


K 


day are very 


case raw sewave, 
ss than one 


10 


and SS 
4() per 


_ respectively ay 


als 
to is a plot of the aver 
ror these 
the monomolecular and 


S lhe 


70 per cent s eight analy 


eleht sam ses alone wit 


HNalVSes ¢ 


effluent were empirical curv monomoleeular 


settled 
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FIGURE 9.—Average deoxygenation curves for raw sewage. 
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FIGURE 10.—Average deoxygenation curves for primary settled effluent. 


Curve does not deseribe the deoxy vrena- 
tion for the period less than one day. 
The first five 


S:(0) AM 


tests of this series were 
The 


variation 


erab samples. pos 


sibility of an hourly being 


the cause of this unusual deoxygena- 
tion behavior was eliminated by per- 
forming the identical analysis on 24-hr 
The 
almost identical to the earlier analyses. 

Six additional 


composite samples results were 
BOD analyses have 
been performed on primary settled ef- 
Because the BOD de 
S br. 1, g, 
12 hr, 
1, 3, and 5 days, these results could not 
be ineluded 


Huent samples 


terminations were made at 


and 5 days instead of 4, 8, and 


with those presented. In 


TABLE X. 


each case, however, the 8-hr BOD value 
fell above the BOD 
curve computed from the 1-, 3-, and 5 


monomolecular 


day values. 


Chemical Treatment Effluent 


Small-scale pilot plant tests of chem- 
ical treatment by the addition of ferric 
sulfate with 20 min of air flocculation 
followed by a 2-hr 


were conducted during 


sedimentation pe- 
riod one sum- 
involved BOD 
and 12 hr, 


incremental A 


mer. Three analyses 
determinations made at 4, 8, 
1, 3, and 5 days. The 
values caleulated from are 
Table XI. The initial high- 


rate deoxygenation behavior noted in 


these data 


given in 


Incremental Deoxygenation Constants (20° C) for Primary Settled Effluent 


(Representing Eight Days) 


rime Ratio 


nts Method 
2-, and 5-day 
0.23 


0.34 





1960 


Ne 
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raw sewage and primary settled effluent oxygenation behavior resulting from 
was also apparent in these samples the combination of the primary settled 
- . effluent, in carbonaceous decomposition, 
Other Investigations and the Mississippi River, apparently 

and nitrogenous 


If n mixed carbe 


Primary Settled MACeOUS 


Wate 


1 It was suspected that 


Combinations 
, 
ite Composit On 


fluent and Receiving 

t riot} ‘ hieh-r: , lk Yvven? ] 
deoxveena . short-tin eh-rate deoxyvgenation 
resulted from such a mixture 


BOD determinations at 1-, 3-, 5-. 7 
periods were 


ation ot t} ‘io 


An investig 
tion rate of MSSD primary settled ef 
fluent combined with Miss SSIPpl River 
water was initiated in June 1958. This and = 10-day 
led 1 cate the de j 


neubation 
Nosite samples of the 


rif 


study was 


it j 
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FIGURE 11.—Comparison of average BOD for 
settled effluent and receiving water 


mixtures of primary 
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TABLE XI.—-Incremental Deoxygenation 
Constants for Chemical Treatment 
Effluent (20° C) 


% effluent 

the Mississipp* River at mile 13.8, 
and 1:12.5- and 1:25-mixtures of these 
two samples. The 1:12.5 1:25 
] 


were selected to simulate river 


settled 


vrab samples 


and 
mixtures 


conditions at flows of about 3.500 and 


6.500 efs which are in the range im 


portant in dilution calculations. 


The results of nine series of samples 


taken in the summer at the 2O°C inen- 


bation temperature did not indicate 


any unusual deoxyeg behavior. 
Kigure 1] 
we BOD 
L 212.5 


primary 


ehnation 
shows the plots of the aver 
obtained from the 
and 1:25-mixtures of the MSSD 
effluent 13.8 


Mississippi River water shown 


curves 


and mile 
Also 


lesignatine the 


points d 


settled 
are the mathe 
natically combined values of these mix 
tures which agree quite closely with the 
ctual measured values 
these data it 


Krom concluded 


that ho 


Was 
unusual deoxygenation —be- 
havior occurs in the Mississippi River 


resulting from a mixture of the pri 


TABLE XII. 
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river 
explain 
rapid de- 
oxygenation in the river; and that it is 


and the 
possibly 


settled effluent 
which would 
the previously 


mary 

water 
mentioned 
combined 


possible to determine the 


deoxygenation by weighting the ul- 


timate demands. 


E fhe ct of 


genation Behavior 


Sample Storage on Deosry- 


Effect of 
MSSD 


studies on the 
settled effluent 
initiated in an effort to determine 
MSSD method of 24-hr 


composite sampling presents accurately 


storage 
primary were 
whether the 


the deoxygenation of the effluent as it 
is discharged into the Mississippi River. 
Automatic samplers continuously sam- 
ple the effluent, and at the end of each 
shift 
taken to the laboratory and stored at 
Each 


eight-hour shift sample thus is at room 


eight-hour these samples are 


#°C until the analysis is made. 
four-hour 


period and at 4°C for an 
average period. 


temperature for a average 


eight-hour 


Comparisons were made of BOD de- 


terminations of effluent grab samples 


of August 19, 20, and 21, 1958, part of 
which was set up for immediate analy- 
sis and the other part stored for four 
20°C 


for analysis. 


hours aft prior to being set up 
Incubation periods used 
on these samples were at 4, and & hr 
and 1, 3, and 5 days 

A comparison of the effect of storage 
Table XII and in- 
dicates that BOD results at equal in- 


cubation 


studies is shown in 


time intervals appear to be 


Effect of Sample Storage on Primary Settled Effluent 
Grab Samples @ 8 AM 


Incubation @ 20° C) 


BOD (mg 1) 
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The conelusion 
that 
BOD de 
four-hour 
settled effluent 


iS done Ih ob 


essentially the same 


these studies is 


arrived at fron 


no significant error in the 


l¢ 
results Trom the 


termination 
storage of the primary 


+ 


al 


room temperature as 


taining the re: 24-h1 


( omposite 


Effect of Diluti BOD 


Lnalysis 


One explanation 


early deoxy venation been 


in the different ployed in 


the very early 12-hr) as 
compared to the and 
day determinat 

question, a study 
tions on BOD det: 
ated. On the si 

BOD determinati 


ent 


salt mle 
usine 
dilutions in 


Same time 


sequence were compared to duplicate 
determinations of a one-dilution 
The 
series 
ys) haat WS 
the 


vated 


Serres 
results Ot seven 
210 BOD 


incubation Ol 


comparison 
determinations at 
both 
conventional an I h-rate acti 

indicated that 


Sliall ayverave iff “ence would 


effluents from 
sludar 
only a 
occur at whether two 
different 


of one 


any 
dilution 


dilution were use la 


Series 
time 


sequence ~ ay rerences 


averaged 2 7 per cen anging from 


Daily Variat 


stants 


Prior to 
rate initial deox 
settled effluent sar 
BOD 


ples 


and D-day analyses per 
effluent 
Val 


data by 


formed on rimar settled 


samples fo days 
ues of A computed f PSE 
the 


indeterminat 


““mome! 


value for S san 
deviation 


half the K 


weekdays exc it] a 


ples of 0.136 w th 
of 0.015 
value 


Was almost 
for 


standard deviation of 0.040 


RNAI 


WPCF ‘ber 


1960 


fiect of Temperature on Deoxryaqena- 


tion ( onstants 


ot the BOD de 
been 


Twelve hundred 


conducted at 


terminations have 
$°C and 30°C 
in addition to the 
The 


those 


incubation temperatures 


reported 20°C val 


‘aleulated ultimate demands 


eS 


for san ples whose 


deoxveena 


tions are deseribed by the monomo 


lecular law were approximately con 


stant over the temperature 


range i 
vestigated, and the variation of A 
values with temperature can be de 
scribed by Arrhenius’ relation, A, 

Koa 6 ‘7 . with a caleulated 6 value of 
1.05 for to 30°C 
and of from 20°¢ 


to 4°¢ 


converting from 20°C 
1.135 for converting 
Summary and Conclusions 


The 


the Mississippi 


investigation of 


3jo-yr period of 
River and its principal 
tributaries in the vicinity of and down 
Minneapolis-St. Paul and 


the current 5-y1 


stream from 


program of research 


have yielded some valuable informa 


tion on the wastewater and 


While 


confirm accepted math 


sub} eT of 


receiving water deoxygenation 


they essential] 


ematical expressions ol deoxygenation 
for biologically treated effluents and 


receiving waters in an advaneed state 


of stabilization, they are at variance 


therewith for raw wastewaters and ef 


fluents of primary and intermediate 


treatment, eularly in the early 


stages (less thi one day The rate 
constants show a high eree of ‘fin 
affected by a large 
Krom the 
of the research involving n 
5.000 


constancy,” 
results 
than 


follow 


‘TOrS 


number of fi 
ore 
BOD determinations the 


ing Summary statements are made: 


y ] ] 
nite hbiolomieally 


efflu 
accepted 


treated 


s follow the generally 


1 
monomoleeu al 


tude of the A 


the degree 


ormulation, the magni 

ues varies widely with 
stabilization of the ef 
conventional acti 


and 


+) ‘ 4 
values at PO°C of 


fluent Thus, with 


atment aeration 


vated sludge tre 


times of 6 to 8 hr, K 
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0.05 resulted, whereas with high-rate ters and primary settled effluents ex- 
treatment with aeration times of 2 to hibit a daily variation. For settled 
4 hr, the values were about 0.20. effluents, average A’ values for Sun. 
2. In trickling filter effluents (high- days and holidays of 0.14 were ob- 
rate and roughing filters) the A values served, whereas weekday samples aver- 
similarly averaged about 0.20 aged 0.24, both based on 1-, 3-, and 5- 
3. Mississippi River water in an ad- day determinations. 
vanced stage of stabilization vielded 
i ealeee foam OGL te GOR. where Acknowledgments 
immediately downstream from points The cooperation of the staffs of the 
of pollution addition, A values of 0.10 | Minneapolis-Saint Paul Sanitary Dis- 
to 0.15 were found trict, under the direction of K. L. 
+. In raw wastewaters, primary sedi Mick, Chief Engineer and Superin- 
mentation, and chemical treatment  tendent, and of the Sanitary Engineer- 
plant effluents, a very high rate of de- ing Division of the Civil Engineering 
oxygenation occurs in the first day and Department of the University of Min- 
then decreases to usual values there nesota, Who were associated in varying 
after. Thus, A is time dependent with degrees in certain aspects of the in 
values in the first 4 to 12 hr being as — vestigation, is gratefully acknowledged 
high as 1.0 to 2.0, gradually lowering Since the results presented were se- 
to 0.20 to 0.30 after 1 to 3 days. An cured from one metropolitan area and 
empirical equation is presented to ex- one river stretch, similar data from 
press the deoxygenation relations for other locations and situations would 
these conditions be welcomed and basie information will 


5. Rate constants for raw wastewa- be exchanged gladly 
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7. SLUDGE CHARACTERISTICS AND DIGESTION * 


7.1 

Sewage sludge is the a 
settled 
by sedimentation 
It me 


cumulated 


Pron 


pt 


solids l moved sewave 


of 


primary , SeC 


Deser lve Its 


source, iy be termed 


ondary, excess activated, or chemical. 
r extent of treatment 
it may he fre 


ated watered, 


its state o 


From 


received called raw or ‘sh, 


digested, che or 
dried. 


The 


here includes a 


tern ludge treatment as used 


‘conventional methods, 
processes, ontrols n ploved from 


the 


source 


removed from = its 


time ide s 


until it is ready for final dis 


The followi 
methods are discussed it 


ne processes and 


posal, 
this and other 
chapters 

1. Dige 

2. Condition 1] 
onditio 


drving 


tion, and chen 


a. Dewater On beds. 


vacuum filtration, and centrifuging: 


t. Heat drving 


and 


inemeration ; 


5 Dispos 


7.11 Composition of Sludge 
The quantity and O 


sludge varies with the character 


t position of 


of the 
sewage from emoved and 


the se Wald 
which it is obt 


with 


nHrocess hy 


* Earlier 
of Sewaae 


sept mber 


por 


CHARACTERISTICS 


Sludge obtained from plain _ sedi- 


mentation tanks is essentially the set- 


tleable in the raw sewage and is 


sludge. It 


solids 


termed raw has undergone 


and iS 
Such 


pract ically no decomposition 


highly unstable and putrescible. 


sludge is usually gray in color, dis 


avreeable Ih appearance, contains bits 
of varbave, fecal solids, sticks and other 
debris, and has a foul odor 

Sludge from secondary settling tanks 
filters of 


matter 


following trickling consists 


partially decomposed organic 
It is usually dark brown and flocculent, 
more homogeneous in appearance, and 
than 
ludge 


Excess 
de- 
floc 


pleasant, 


raw sludge 


has less odor 


wtivated s is also partially 


composed, is golden brown and 


and has a_=rather 


culent, 


earthy odor. With further deeomposi- 


both will become septie with of 


Ton, 
fensive odo! S 
chemical precipita 


Sludge from the 


The odor 


tion process 


be obi 


is usually black 
eT onable. } 


may mit generally is 


resulting 
de 


more 


not as offensive as sludge 


It 
usually 
ved 


f sludge pro 


sedimentation will 


from plan 
but 


compose or st. 


slowly than sludge deri from other 
The 
duced by this proce 
d 
sible 


otten 


volume o 


processes, 


is so great that 


SS 


ivestion seldom economically fea- 


Other treatment methods are 


used ny for dis 


reparing it 
posal 


) 
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7.12 Moisture Content 


The proportion of solids and water 
in liquid sludge depends on the nature 
of the solids, their source, whether from 


primary or secondary settling tanks, 


and the frequency of removal from 


these tanks. The solids may vary from 


1 per cent by weight in a watery ac- 


tivated sludge to 10 per cent or more 


in a eonecentrated raw sludge or a 


digested sludge. Concentration is im- 
portant because the volume occupied is 
inversely proportional to the solids con- 
tent the 


the volume 


This is well illustrated by 


Table 7-1] 


reductions 


data in showing 


resulting from the concen- 


+ 


tration of 100 Ib of 2 per cent sludge 


to 5- and 10 per cent sludge 


7.2 OBJECTIVES OF 


Sewage sludge usually is subjected 


to a combination of two or more treat- 


ment methods to alter its objectionable 


that it may be dis- 


characteristics so 
posed of readily and economically with 
endangering health or ereating 


The 


treatment and disposal may be 


out 


bt oad object iv eS for 


nuisances 
¢lassi- 
fied simply 


effectively control 
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TABLE 7-1. Relative Sludge Volumes 


Iten 


Sludge solids (Ib 

Solids (% 

Weight of water (lb 33 Is 
Water removed (lb 60 
Sludge volume, approx. (gal 11.7) 4.7; 2.2 
Sludge volume, approx. (cu ft 1.6 0.6 O03 


It is desirable to handle the most con- 
centrated sludge possible for the fol- 


lowing reasons: 


1. To save digester space to provide 
a longer digestion period for solids ; 

2. To save pumping capacity ; and 
3. To 


heated digesters. 


reduce heat requirements in 


SLUDGE TREATMENT 


sources and agents of disease and in- 
fection ; 

2. To decompose the highly putresci- 
ble organic matter to relatively stable 
and inorganic com- 


or inert organic 


pounds ; 


3. To reduce the volume of material 
to be handled by removal of some or all 
and 

4. To utilize by-products of the proc- 
ess tO minimize over-all cost of opera- 


of the liquid portion ; 


tion. 


7.3 THEORY AND DESCRIPTION OF SLUDGE DIGESTION 


7.31 


Sludge die 


Biochemistry of the Process 


estion is carried out in the 


absence of free oxygen by anaerobic 


organisms. It is, therefore, anaerobic 
The 


sludge 


solid matter in 


decomposit ion 


raw domestic is generally about 
70 per cent organic and 30 per cent in- 
organic or mineral. Much of the water 
in the 
water which will not separate from the 


The 


dow? the 


raw sewage sludge is ‘‘bound’”’ 


solids living organisms 


sludge 


break complex molecular 


these solids, setting free 


structure of 
the ‘bound 
ven and food for their 


’ water and obtaining oxy- 
erowth 


7.32 Three Stages of Digestion 


If a single batch of sludge were de 


posited in a digester, three stages of 
First the 
other 


digestion might be identified. 


microorganisms—bacterial and 


forms—-attack the soluble or dissolved 
solids such as the sugars. These reae- 
tions produce organic acids (at times 
thou- 


in concentrations up to several 


sand mg/] hydrogen sulfide, car- 


bonates, and carbon dioxide. There is 
a high rate of gas production, prin- 
cipally carbon dioxide. The hydrogen 
sulfide gives off an extremely unpleas- 


ant odor, and the color of the sludge is 
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vray. The pli 
range of from | 
is known as the 


tion and it proceeds 


rapidly 


This stage is followed by acid regres 
organisms to which 


orable In 


hitro 


sion brought on by 
an acid environment 1s fa 
acids and 


this 


stage, orga 


genous Compou | are and 


liquefied at a slower 
pl iInerease S ht o a 


about 5.1 to 6.8. The 


rahnve Trom 


sludge is gray to 


vellowish brown and has a tendency TO 


foam. Gas production decreases some 


what, and yrroduced is 


| 
largely carbon « vith some 
methane 

In the third iv f por 


riod of in 


Stion 


a pe 
stabiliza 


digest 1On 


tion, and gasification—the more resist 
materials such as the 


attacked 


ant nitrogenous 
proteins and amino acids are 
The volatile acid 
less than 500 me |. The pll 


rane 0 b 


content is reduced to 
stabilizes 


Methane, 


an odorless highh lammable gas, 


in the 
which can be s produced 
in large 

maining are relativel thle or only 
slowly putrescible ‘an be disposed 
of without creat ionable 


Con 
clitions Chey have me value in ager! 
man 


culture as discussed late this 


ual 


7.33 Combining the Stages 
Where sh 

in a sinel 

vestion I 

time 

rhatant di 


added, al and SU pe 


vester liquor, the product of liquefae 
tion and mecha 
moved 

The whol 
a factory produe line where one 
eroup of workers mate 


rial and condit t for a second 
group with different skills who 


: 
the specialized 


*t ial To 


convert the mati 
third 


work of the vroup vhno turn out 


the end products. 


further 


Although all stages of digestion may 


be proceeding at the same time, with 


the acids produced in the first stage 
being neutralized in subsequent stages, 
the 
tained when the pli of the third stage 
6.8 to 7.4 The 


formation and acid 


best and results are ob 


quickest 


predominates first 
two stages ot acid 
regression should be e 


vident only in 


Once alkaline 


starting digestion units 
digestion is established, the acid stages 
normal di 


are not apparent unless the 


vestion becomes upset by overloading, 


poisonous chemicals, or for other rea 


SONS which are discussed later 


7.34 Reduction of Volatile 
Matter 


SUCECeSS OT 


The 


primarily 


digestion depends 
the 
volatile content of the 
If the volatile 


reduced, the 


and 


fundamentally on 
reduction of the 
original sludge content 
three ob 


estion will be achieved 


Is. sufficiently 
jectives of dig 
It is generally observed and aecepted 
and that a 
well-digested sludge volatile con 
This 


and 


by operators Investigators 


e has a 


{ 


tent of about 40 to 45 per cent. 


can be achieved in well-designed 


operated digestion facilities which are 


not overburdened and where toxic sub 


interfere with 


The percentage of 


the proe 


volatile matter 


digested sh seems to be 


quite 


nile pe ndent ¢ per entave of vola 


Llow 
normally 


volatile 


ile matter in the sludge 


raw 


ever, more digester capacity 


Is required highly raw 


solids than for solids havine a low 


volatile content. The digester capacity 


required is generally lower, in terms of 


volume per pound ot volatile solids 


added, for highly 


low volatile content, pro 


volatile than 


solids 
ror solids wit! 
vided all other 


factors including mois 


ture content remain equal. 
The pt it 


matter will vary 


reduction in volatile 


htage 
with the original vola 
tile content. This relationship is shown 

Using values from this 
Table 7-2 
1.000 


in Figure 


curve, the data in were éal- 


lb of 


culated on basis of 
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added to the 
is assumed that all of the 


raw sludge (dry weight 
digester. It 
ash remains unchanged and that there 
are no overflows from the digester or 
that if overflows occur, the ratio of ash 
to volatile matter is the same in the 
overflow as in a representative portion 
of the Practically, 


this would seldom, if ever, occur. 


digested sludge 
Llow- 
ever, these relationships between the 


volatile content of raw and digested 
sludge do hold reasonably well, with 
production of acceptable quality over- 
flows 


supernatant) when conventional 


digester-management procedures are 
employed 

The ability of a well-constructed and 
properly operated digester to effectively 
reduce volatile matter depends on food 


supply, time, temperature, and mixing. 


7.35 


Oreanisms in a digester are most ef- 


Food Supply 


ficient when food is furnished in small 


quantities at frequent intervals. — If 
too much sludge is added to a digester, 
the first or acid-fermentation stage may 
that the 


unfavorable 


be so predominant environ- 
for the 


second 


ment will become 
organisms responsible for the 
stage, resulting in incomplete digestion 
Many materials, particularly toxic met 
als above certain 


mininum concentra- 


tions, are detrimental to sludge diges 


tion 


7.36 Time and Temperature 


Sludge digestion proceeds in almost 


any range of temperature likely to be 


TABLE 7-2. 


500 
HOU 
700 


iS CONSIDERED TO BE DIGESTED (%) 


REDUCTION OF ORIGINAL VOLATILE MATTER 


WHEN SLUDGE 


50 oo v0 
SOLIDS IN RAW SLUDGE (% 
FIGURE 7-1.—Reduction of 
matter related to volatile solids 

sludge. 


VOLATILE 


volatile 
in raw 


encountered, but the time required for 
satisfactory 
with the The required 
time varies also with the percentage of 


digestion varies greatly 


temperature 


volatile matter in the sludge added to 
the digester. These relationships are 
shown in Figures 7-2 and 7-3. 

The curves in Figure 7-2 were de- 
rived from data on tanks operating at 
temperatures in the range of &) to 
90°F, with only 
and very little agitation. 


less time should be required with effec- 


natural circulation 


Considerably 


tive mixing and temperatures of 90 to 
95°F 


The high rate of reduction of volatile 


matter in the first ten days is signifi- 


Reduction in Volatile Matter of 1,000 lb of Raw Sludge Solids 


Digested Solids 





(%) 


MATTER 


IN VOLATILE 


2 
=) 
on 
oO 
— 
(=) 
WwW 
a 


1 1 


10 20 30 40 50 
DETENTION IN DIGESTER (doys) 


*IGURE 7-2.—Reduction in volatile matter for various sludges and 
digestion times. 


cant During this early period of higl values ar 

gas production, the activity is ft vrei tained in Figure 7-2 and T 

to permit separation of t liquid I ! An increas temperature to the 
the solids and subs¢ eht compac iptimum YO- to 9 * range would sub 
of the digested materia s a stantially reduce the time required for 
tivity proceeds, gas producti evi digestion ‘or most. effective results, 
off and = separa 


“= TABLE 7-3.——Digestion* Time for Sludges 
ear avorabl 


of Varying Volatile Solids Content 
these two st 


complished in 
early period of 
the first tank 

Data in Tabl 
variation in time re 
to reduce varying 
volatile matter in thi 
desired 4() to $5 per « nt 
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the temperature should be maintained 
as uniformly as possible without sud 
changes of 

Time 


tionships are shown in Figure 7-3. 


aen more 


than a few de- 


eLrees and rela- 


temperature 


7.37 Mixing 


Effective mixing of 
with the 


incoming sludge 
contents of the digester is 


necessary to provide all working or- 


gvanisms with their essential food sup- 
ply and to 


uniform tem- 


throughout the 


maintain a 
perature digester. 
Moreover, it is essential to keep the 


contents of the digester well 


mixed for 


entire 


similar reasons 


7.38 


In a well-operated digester of ade- 
12 cu ft of 
should be produced from each pound of 
If the vola- 


sludge is re- 


Gas Production 


quate capacity, about vas 


volatile matter destroyed. 


tile content of the raw 


ie i — 


(°F) 


TEMPERATURE 


20 30 
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duced by 60 per cent, gas yield should 
be about 7 cu ft 
added. = This 
about 1 cu ft/day/cap for treatment 
removing 


lb of volatile matter 
would correspond to 


most of the sus- 
This 


sewage 


processes 
pended solids from the sewage. 
figure 
and treatment 
the range of 0.6 to 1.2 cu ft/day, cap. 
Industrial 


may vary for normal 


various processes in 


wastes may raise or lower 
this figure substantially, depending on 
their composition. Materials which in- 
hibit methane-producing bacteria may 
vreatly reduce gas production. 

Gas contains about 70 per cent meth- 
dioxide. 
excess of 39° per 
that the 


proceeding 


ane and 30 per cent carbon 
Carbon 


cent 


dioxide in 
may be an indication 
digestion process is’ not 


properly. 


7.39 Physical Facilities 


In its simplest physical form, a coy- 


ered digester consists of a single tank 











ee cee He A ea 


40 50 60 70 


TIME OF DIGESTION (days) 


FIGURE 7-3.—Digestion time-temperature relationship. 
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in Which all the processes of diges 
tion are accomplished and which 
all end 
other 


Prom 
products are 


treatment devices 01 disposal 


pomts. Such a tank is equipped with 


connections for 


sludge to be digested, a 


digested sludge, and a 


withdrawing 


pipeline for withdrawing the more 


Heat 
meth 


liquid fraction or supernatant 
can be introduced by 


later 


any of the 


described Gas collects in 
the dome of the 


through a pipeline 


ods 
tank and is withdrawn 

The tank is usually insulated to some 
extent to prevent excessive loss of heat 
ther fixed or de 


float o the 


The cover may be e 


signed to liquid 


lass or 


the gas 


7.391 Shortcomings of Single Tanks: 
In this simy all ot 
the sludge digt must be 


form of tank, 


‘SSTION Processes 


carried on in a single environment 


Several of these processes are 


antavo 
nistie and operate 
The digestion of 


natural circulati 


s-purposes 
creates some 
IS produced 

and through sludge 


rises Mass 


This movement reased greatly 


by contrived artificial cir 
culation is not provided e digestion 
process may Such cir 
culation, ho r, interferes with the 
separation ‘action, as 
well as. « digested 
solids. This may result in a super 


natant too hig! 


eonutent 


and a 


7.392 Multiple 


small 


Watery sli 


Tanks: 


installations, 


kcept in 
sludge di 
l With 


a in sevien. the 


niuitiple 


1] : ; 
vesters are nstailer two oO 


Tanks ‘onnecte 


more 
divest Ion 


initial stages of 
lished in the 


accomp 
first dige r set of 
digesters, with transfe 


In the 


second 


tank or tanks wood 


Talik, 


mixing and rapid eas production may 


be accomplishe second tank, 


a relatively que vironment IS 
established by “duced gas production 
Ilere, 


and limited circulation 


separa 


discharged to 


introduction of the 


pipeline for 


tion and compaction may occur natu 


rally and re isonably unopposed 


7.393 High-Rate Digestion: 


The 
are uti 
lized to the maximum in so-called hieh 


principles 0 digestion 


stage 


rate digestion This process depends 


the 
maintain an 


on continuous agitation of 


tents of the 


COll- 
tank to 


first 


intimate mixture of raw and digestine 


solids and effectively utilize the entire 


Pre 


sludge to obtain a hieh 


volume of the 


tion of the 


digester. concentra 
raw 
reduce 


solids content is often used to 


the required digestion volume 


7.394 Digester Covers: 


tion 


Open dives 


tanks are seldom used because ot 
their inability to confine the odors pro 
duced by the 


vesters are vere 


for di 


DrocesSS ( 


| overs 


rally classified as fixed 
or floating 

Fixed covers may be constructed of 
concrete or steel and may be flat, coni 


cal, or domed either self supporting or 


supported by a structural svstem It 
diffieult to 


because of the 


made of concrete, thev are 


make gas-ticht 


inherent 
tendency ot conerete to develop eracks 


Sludge withdrawals from fixed-cover 
which 
the 


explosive mix 


units must be done in a way 


prevents the ntrance o all 


| and 


at of an 


possible 


is end. fixed-cover digesters 


ture. Tot 


are fitted with water-level controls 


which make ‘rlow equi to m 


are 
made in two rere typ a the 
floating the 


restine’ directly on 


hiquuid witl limited VAS 


storavr 


/ the ovas-holder type provided with 
skirts and resting on a cushion of 


Floating covers provide the great 
degree of safety in digester 


littl 


explosive mixture 


opera 


tion as there is possibility of 


creating an beneath 


the eover 


Since g production from a digester 


uniform and gas demand 


system 1s not 


for operating heating or other equip 


ment 


Is heces 


is usually intermittent, it 


sary to pr Floating 


storav' 
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FIGURE 7-4.—Floating-cover digester. 


rs resting directly on the liquid 


usually do not provide sufficient stor- 
ave, and in the larger installations it is 
customary to provide separate storage 
tanks 

Many small medium-sized = di 
with the 
With 


gesters, one of each cover type can be 


and 


esters are vas 


holder 


equipped 


covel two di- 


used 


7.395 Heating: 


be accomplished by: 


Divester heating can 


1. Using hot-water coils within the 
digest . 
2. Reeirculating through an 


sludge 
external heat exchanger, 
Direct 


ludge, and 


contact of hot gas with 
$. Steam injection 

Hot-water coils, either horizontal or 
within the digester have been 


vertical, 
used Figvure 7-5 


Their 


from corrosion and caking with sludge. 


widely 


chief 


in the past 


disadvantage is failure 


Where coils are used, water tempera- 
tures entering the coils are limited to 
120 to 130°F, 
held to 180°F to prevent excessive cor- 


with boiler temperatures 


rosion. 
The 


ure 7-6) 


heat exchanger (Fig- 
with recirculation of the sludge 
method of 


combines the advantage 


external 


is the most widely used 
heating, as it 
of greater scum control with no vulner- 
able pipe installation within the di- 


vester. Its inherent disadvantage is 


that with one digester it is essential to 
allow the tank 
contents to stratify prior to decanting 
supernatant. It is 


stop recirculating to 
have 
more than one unit equipped with an 
exchanger. 

Direct flame heating has been 
with 2,400°K 
fused into the sludge in 


desirable to 


used 
combustion. Gas is dif- 
small heating 
tanks which reduce the gas tempera- 
125°F, over-all ef- 
ficiency of 85 to 90 per cent. 


ture to giving an 


Steam injection has been used in a 
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lt 


tave of requiring 


the 
p r cent 


has disadvan 


100 


few instances 


boiler 


makeup, usually with  boiler-water 


and 


the 
chanical mixing 


treatment, may create stratifica- 


tion within digester unless me 
is employed 

Sludge heating equipment should be 
supplied to 
sludge 


tures. 


7.396 Mixing:—Mixing 


tively provided by: 


with thermometers show 


and heating-element tempera 


can be effee 


1. Recirculating sludge through an 
exterior heat exchanger, 
2. Mechanically 


the sludge within the 


mixing or pumping 


digester, and 
3s. Releasing compressed sewave Gas 


the of 


a 


through diffusers near bottom 


the digester or in conjunction with 


vas-lift device 
7.397 Piping: 
that 


Experience has shown 


high velocities are not required 


AL 


o 


WPCE 196 


in sludge This does not 
that 
fact, 


pipe 
sludge 
it 


cleanouts 


mean 
In 


important to provide 


pipes never plug up. 
is very 


and back-flushing connec- 


tions. Every plant should have a set 
to the 


pump to facilitate flush- 


tled-sewage connection suction 


of the sludge 
ing without use of an auxiliary hose 
connection 

Digested sludge drawoff lines should 


not be less than 6 in. in diam for pump- 


suction withdrawal and 8 in. for gravity 


withdrawal. 

Sludge-feed allow dis- 
charge of raw sludge through the heater 
unit, if available, into a zone of active 


should 


lines 


digestion Sludge-recireulation lines 


should discharge above the surface of 


the sludge to aid in cireulation, mix- 


ing, and scum breakup. 
Sludge 


be 


provided with easily operated values ; 


piping should liberally 


plug values have, in general, given 


er AN 


FIGURE 7-5.—Heating coils on wall of digester. 
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FIGURE 7-6.—External heat exchanger. 
satisfactory service. Sludge piping is 
usually made of cast iron. 

All digesters must be provided with 


j 


an overflow pipe and a system of pipes 


or a device to permit selection of a 
withdrawal point at some depth below 
the surface 


on fixed eover overflow 


digesters, 


selection is usually 
the 


made by lowering 


ring extensions on any of a series 
of pipes with ends projecting to vary- 
ing depths within the digester. This 
visual ex- 


method usually allows for 


amination of the overflow. 

On a floating-cover installation, it is 
usual to provide a series of valved out- 
lets at varying heights in the digester 
wall. Since the overflow is not visible, 
it is necessary to provide sampling lines 
the character of the with- 
drawn supernatant 


to determine 


Slotted-screen supernatant selectors, 


Age ht-@lasses, 


and samplers are 


Ss SIO 
1 
ie 


available from the manuftae- 


various 
turers 


Sample lines should not be less than 


114 in. in diam, with quick-opening 
valves sink to 


should 


and a 


deep 
The 


prevent 
have a 


sink 


splashing 
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large drain which preferably should be 
connected to the wet If this is 
not possible and a sump pump is re- 
quired, the pump suction and discharge 
should be at least 3 in. in diam. 

Gas piping within the digester should 
be cast or wrought iron, amply sup- 
ported, and pitched to a deep trap 
outside the digester. Two and one-half 
inches is the minimum 
for gas piping. 


well. 


diameter used 


7.398 Safety Equipment: 
potential hazard around a 


treatment plant. All 
precautions must be 


Digester 
gas is a 
sewage safety 
followed, and all 
of the required safety equipment must 
be installed Water- 
allowed. All 
digesters with covers require the fol- 
lowing : 


and maintained. 


seal 


equipment is not 


1. Pressure relief and flame trap 
(floating covers 
2. Pressure relief, vacuum relief, and 
trap fixed 


holders ) 


flame and 


covers vas 


3. Waste-gas flame trap, 
4. Flame 


lines, 


traps on all equipment 


». Manually operated positive drip 
traps, 

6. Outside, with flame 
cell from all equipment items such as 


vaves, flow 


All 


vices, lighting fixtures, wiring, 


vented lines 


meters, and relief valves. 


electrical fittings, switches, de- 
motors, 
and equipment located within buildings 


having common walls with digesters or 


FIGURE 7-7.—Supernatant sampling sink. 
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FIGURE 7-8.—Plunger-type pumps. 


in pits adjacent to dig must be 


esters 
made explosion-proof. It is wise to 
take the additional precaution of using 
explosion-proof equipment throughout 
the enclosure 


surrounding a Gas burn 


ing sludge heater 


7.399 Sludge Pumps:— ll 


operations depend on reliable pumps. 


digester 


Rugged, almost unfailing, plunger-type 
pumps with ball valves are commonly 


used. This equipment has such a sue 


is seldom 


that it 
install 


cessful reeord hneces- 


unit 


to 225 


than 
from 7) 
These 


provide the necessary means for back- 


sary to more one 
where a capacity of 
gpm is satisfactory. units also 
flushing clogged sludge lines. 

Non-clog centrifugal pumps provide 
recir- 
culation and the pump, 
when properly adapted to the condi- 


satisfactory service for sludge 


torque-flow 


tions of head and capacity, appears to 
offer certain advantages. 


7.4 DIGESTER MANAGEMENT—NORMAL OPERATION 


7.41 Starting Digestion 


The following basic procedures gen- 
erally should be followed in 
digester in operation: 

1. Check all 


lines for 


placing a 


water, and 


sludge, 


Any 


CAS 


leaks repairs needed 


are much easily before 
sludge is added. 
2. Fill the tank 


water. 


made more 


and all lines with 

4. Start the heating system and op- 
erate long enough to be sure it is Op- 
erating properly. 
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$. Check all seals to see that they are 
in working order. 
5. Add digested 
hatant 
able 


6 


sludge or super- 


from another digester if avail- 
If digested sludge or supernatant 
is not sew- 
For a fixed- 
fill the tank; for a float- 
ne-cover digester, add enough to float 


the cover 


available, add enough raw 
ive TO seal the 


divester 


cover digester, 


7. He 
and maintain it 

8. Add raw sludge If 
loadings should be 


at contents to 90 to 95°F range 
possible, 
kept to about 5 Ib 
of dry volatile solids per 1.000 eu ft of 
digester the 


sewave should be 


volume per day for first 


20 davs or so Raw 
reasonably well concentrated. 


Q ( thor- 


irculate digester contents 
oughly and maintain temperature. 

10. Check periodically for progress 
determining (a) COs 

total alkalinity, 
and d) pil If 
the 


ereatly, and 


of digestion by 
content of was. a) 


( volatile acids, 
total alkalinity continues to rise, 
volatile acids do not rise 
pi does not drop when raw solids are 
Add lime 
to maintain pH between 6.8 to 7.2. 

11. Gradually 
loading on the 
trends A 


1 
pOsSSIDIe mn 


added. progress IS indicated. 


increase raw solids 
these favorable 


should be 


basis of 
normal loading 
50 to 60 days, sometimes 


sooner 


12. If foaming occurs, or 


if labora 
tory tests indicate a backward trend in 


or add 


another digester. 


digestion loading well- 


reduce 


digested sludge fron 


7.42 Sludge Pumping 


Sludge should be drawn from sedli- 


mentation units before it has become 


septic It should be as dense as can 


the 


sludge OC- 


be handled through 
Thin 
needlessly, and its 
have to be heated. 
Sludge should be added to the digester 


at frequent 


satisfactorily 


pumps and piping 


CUpLes divester space 


excess Water 


will 


ntervals—usually at least 


twiee a dav and more often if 


prac- 
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ticable. Small 
intervals assure a digestion 
With the 
rate of addition should be low to mini- 
mize agitation of the supernatant which 
is discharged from the digester at the 
same rate as sludge is added. 


additions at frequent 
uniform 
rate. fixed-cover digesters, 


This is 
not so important with digesters with 
the floating covers, as the supernatant 
the 
solids 
added daily should not 
exceed five per cent of the solids (dry 
basis) already in the digester. 


is not necessarily discharged at 
time. In 


basis 


same 


( dry 


general, fresh 


7.421 Reciprocating Plunger Pumps: 

One-, two-, or three-eylinder, single- 
They 
are selected to meet a wide variety of 
conditions 


action plunger pumps are used. 


encountered — in 
raw or divested sludge. 


pumping 
The following operating principles 
should be observed: 


1. Open valves on discharge line be 
fore pump. <A valve 
will result in a quick buildup of pres 
sures which 


starting closed 


may be damaging to the 
pump. Before opening and 
valves to transfer discharge 
pipeline to another, the 
he stopped. 

2. Close valves on discharge side of 
the valve 
cover for inspection and maintenance 
of the ball Then pump 


and air Similarly, always 


closing 
from one 


pump should 


the pump before opening 


valves. drain 
chamber. 
close valves on suction side of the pump 
when the pump operates under a posi- 
tive head. Drain the suction § air 
chamber. 

valves 


3. Inspect frequently.  Re- 


move hair, sticks, from 
around the ball. Replace balls which 
become soft or worn unevenly or ex- 


ball to 


rags, etc.., 


weight of 
suit operating conditions 

4. Adjust packing piston 
and cylinder to prevent scoring of the 


cessively. Change 


between 
cylinder and shear-pin breakage, yet 


tight 
sludge 


enough to prevent leakage of 


and air. An occasional drip 


should be satisfactory. 





> Mainta Ni 
shaft 


moO ing back an 


below 35 rpn ) 1e piston 
easonable 
rate for good pert 

6. Adjust pumy 
the 


eood perforn i 


idjust 


ing lengtl stroke within 

7. Replace oil of recommended qual 
ity in automatic a lit 
tle oil daily 


plunger and 


and care of centr 


7.422 Centrifugal Pumps: 
eration f ¢ fugal pumps 
The 


density 


are discussed need 
for pumpine 
and 


VISCOSITY if ie mat in he 
pumped and 
other 


large 


rays and 
materials capabl f clogging 
Opening pumpine 
comparatively much more difficult than 
sewage pumping iffective use of 


ri 


these pumps renee to 


the following 


P Operat 
able-speed = d 
motors uf 
speeds 

2. Do not 
partially 


only 


suction 
pump pr 

4. Prey 
leasing air 
pumip cas 

5. Remo 
materials 
the casing 

6. Keep 
ing boxes h 


pressure 


7.43 Temperature Control 


As mentioned before 


able tempera 


sludge fron domestic 


origin is 90 to 95°F \ heless, thi 
digestion pt bv the 


ested 


quality of t 


sludge, supernatant, and gas, may pro 


ceed with equal effectiveness at tem 


peratures between 85 and 90°F or even 


somewhat lower, but the digestion time 
will be 
The 


which accomplish 


long r 


bacteria and other organisms 


digestion are 


very 


sensitive to t perature changes, 


par 


ticularly the methane producers whose 


activity ims alfec ted adverse ly by rapid 
rature of 2 or 3 dee 


changes in temp 


Temperature control within such 


close limits depends on the extent of 


eireulation Some natural circulation 
IS induced by th digestion process it 


self, but 
about 


7.431 Hot-Water Coils: 


equipped with hot-water 


proper cireulation is brought 


best by ar ficial methods 


In digesters 
coils, heat is 
transferred from the 


S¢ veral loops 


which ren ‘ally are fastened to the 


fc 


iperature OT 
high 
maintain the desired sludge ten 


low enough To preve it 


tank walls 


these coils must be enough to 
pera 
ture, but eaking 
or encrustation of sludge on the 
surfaces gk 


130 


mperatures 


roduee ceakine 


K will 


Sor weeks, caking nay progress To 

»extent that an insulating laver may 
enease the piy ind reduce heat 
fer. Th al 


entering the coils is 


trans 
ranve of hot water 


0°cK 


water 


120 to 
Continuous ‘ulation of hot 
usually is necessary except during lone 
weather 


tlet the 


periods 
Inlet 


stalled in the coil allow the operator to 


rmometers Ih 


check these temperatures. Boiler tem 


peratures should be adjusted aceord 


ingly A 


usually indicate 


than 5 deg 
heat 
More 


longer pe 


drop of more 
need r more 
input or reducti f heat losses 
heat np means 
of ot-water circulation or a 


Where 


in the ground 


riods 
higher rate 
the heat lin 
or otherwise ex] cold 
they } 


operator sho 


recirculation 
buried 

tempera 

The 


ild check these lines if he 


insulated 


tures, 
suspec normal heat losses 


are oecenrr o ! ni area An exces 
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Ture trop 


» Otten may be 


» addition of too much cold 


digester at one time. 
be reduced by additions 
’ sludge either by 

the raw sludge 

Lbnipodne@ an smaller 
extending sev 


‘at about the 


vestel 


dpoint, vertically, 
epihny a cheek on 
the sludve mass, 


lisecat 4 


te the tempera 


smnall installations or where 
eriods are long, heating with 
method of 


contents 


es some auxiliary 


the divester 


7.432 External Heat Exchangers: 


When they are properly managed, ex 
I l 1 rs proy ide a very 
naintainineg close 


the utmost 

ctive temperature 

the faeili 

S purpose 
and 

system of 

er which 

udve, 


at several points. 


consist 
recireulatine 
pipes 
deliver 


or stiper 


pipes picks up 
t from several 
and returns it to 
ecireulated. By 

drop in these 
the di 
thermometers in 
the 
ine very closely the 
the 


and the 


rature in 


digester walls, 


thin digester 
extent of 
erature in the en- 
supernatant, and 
mperatures, if 

ast economi- 
ecken or other 


dense sludge 


7.44 Circulation 


The fundamental objectives of recir- 
culation are: 


1. Uniform transfer of heat to 
maintain nearly constant temperature 
throughout the entire mass; 

2. Mixing of raw sludge with large 
volumes of digesting and well-buffered 
sludge to aid and accelerate digestion ; 
uniform mix- 
the 


formation 


3. Maintain relatively 


ture of all material within tank. 
Amone other benefits, seum 


is greatly reduced. 
The number of 
flexibility of the 
the number of operating pro- 
cedures that can be employed 


divesters and 


the 
piping arrangement 
control 
But in 
most plants, the operator can do the 
following : 


1. Select a point of discharge of the 
raw or recirculated material which will 
do the most good. 
at the 
scum layer. 

2. Select the point of withdrawal on 
the often 


promoted by material in 


Frequently, this is 


center of the tank above the 


same basis Digestion is 
mixing the 


one layer with the material in another. 


3. Discharge raw sludge to digester 
as often as may be consistent with other 
Sevegal small addi- 
tions are better than one large one. 

$. Reduce content of the 
raw sludge as low as may be consistent 


with other plant 


plant operations. 
moist ure 
operations Excess 


water occupies digester volume use- 
lessly and often expensively by redue- 
ing digester temperatures and deten- 
tion periods. 

5. Recireulate for as long a period as 
the facilities permit ; continuous reeir- 


culation aids digestion. When separa- 


tion and compaction must be accomp- 


recirculation 
must be suspended for varying lengths 


lished in a single tank, 
of time to provide the essential quies- 
eent environment 


In two-stage digestion, unless diges 
the 
which is very unlikely, it is desirable to 


tion first stave, 


is completed in 
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mix the sludge supernatant trans 
ferred from the first tank with the ma 
terial in the 

of the 


completion of digestion 


two-thirds 
second tank This hi is the 
brings 
about an earlier subsidence of activity, 
permitting sedime compaction, 


and supernatant withdrawal to proceed 


under e00d conditions 


7.45 pH Control 


The organisi s which romote rapid 
digestion. erood 


the 


nuisances from 


production 


and least ! t odors and 
ested sludeve op 


pli of 


than 6.5 or 


erate most effeetive 1\ 
7.0. When the pH is lowe) 
above 7.2, thei Meene 


When the 


are replaced wit] thers 


about 


falls off 


sharply. 


pH is below 6.8. 


they which 


Serer acl 


work best in hig 
These hew orevanisms 

because they produce gas hieh in cat 
bon dioxide ‘ontent foul odors. and 


Kor 


inwanted 


large quantities of si 
pH abo 


desirabl 


Similat 
reasons, a 

because the 1e-produe 
ing organisms bee and may 
he completely neffectin th pli 
continues to rise en } aches 
8.0, there is and 


should 
will cease 

Once digestion has been well 
lished, the pH lmarkedly 
by the following materia or 


estab 


cond 
TIONS: 


1. Highly acid 
discharged to 
short periods or 
charged for longe) 
2. Excess 
canic 


the and 


second Stages OT dige i yp lon inate; 


“aa 
mate! unbalance 


food SUpPpIL\ hat the first 


and 
3. Lowered 


culation 


As a 
added in sut 


the pH betwi 


contro 


JOURNAT 


WPCF ember 1960 


7.46 Withdrawal of Supernatant 


Supernatant, by definition, is a ma 


terial floatine uppermost r above 
a dig 


zone of clearer liquid found at or 
near the 


something. Ge nerally, in ester it 


IS a 


top of the material, 


mass of 
although some seum usually floats above 
it Its 


ereatiol IS dependent upon 


separation, con ction, and gas pro 


duction of the digestine slide and 


to be of good quality. sludee digestion 


must have 


progressed generally to the 
volatile 


tent 1e nee ’ 9 45 


Stage characteriz a eon 


per cent 
. sluder 
Supernatan atively low 


NH suspended solids and. the volatile 


should be below 
BOD should be 


D200 me | or lower It 


acids conecentrat on 


200 mel. The 5-day 
In the order ot 
will decompose rapidly 


further treatment 


and requires 
for stabilization be 


fore 


final dispe sal 


+ 


Supe ant is withdrawn from di 


nea 
la 


vesters to reduce the 


volume occupied 
] 


by the total digesting material, thereby 


providing space for the raw 


he added W 


supernatant 


fixed-cover digesters. 
Withdrawn or au 
tomatically dis ¢ at the same time 


and at the ame rate thi the 


sluder 


raw 


IS ada ( 


Supernatant is 


removed ata higher rate. air may How 


into the unoccupied space and create 


an explosive with the sludge 


ixture 


gas. To avoid this hazard, supernatant 


isually is remo vy a series of un 


valved over whieh permit 


overflow at predetermined water 


level 


If the pl ailing conditions of food 


supply, time, temperature, and mixing 


produce ‘ffeetive digestion. a 2ood qual 


ity supernatant will be produced also, 
provided there IS Opportunity for so] 
This 


easily in 


ids separation and con paction 


may be mplished most 


acco 


two-stage digestion later. 


as described 


Under low loadings and effective man 


small single digesters. a 


agement of 
rood quality ean be 


dueed 


supernatant pro 


where relatively quiescent en 
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ironment is maintained by heating 


with hot-water coils. This is more dif- 


ficult to accomplish where temperature 


eontrol depends upon almost constant, 


\] 
vigorous circulation In such installa 


tions. c¢ireulation must be suspended 


for varying lengths of time to permit 
separation. Because the time required 
the 


super 


to do this is sometimes quite lone. 
digestion process suffers 


I 
hatant quality Is poor 


and 


elves 


The float he-cover installation 


the operator more flexibility in’ con 


trolling supernatant withdrawals than 


the fixed cover. For one thing, it Is not 


necessary to restrict the withdrawal 


when sludge is 


there 


Tinie raw 


re riod tO the 


added is enough tank 
of the 


raw sludge for a 


Usually 


volume mn the travel range eover 
to accommodate week 


ry more without any withdrawal if care 


lv a reasonably 


“The 


store and when 


is used in pumping on 


coneentrated sludge operator 
ecide 


} ] 
should « 


MaSIS Of 


] 
| 
thdraw 


sampling 


vhat constitutes 
supernatant 
either the 


fixed-cover or floating 


installations, the operator should 
for withdrawal the 
In both 
withdrawal lines normally are installed, 
each depth. By 


serving and material 


best quality 


supernatant Types, several 


at a different ob- 


sampling from 


these lines, the operator can determine 


material. Sim- 


outlet 


bes 


the location of the 


ple adjustments in the controls 


will permit removal of the high-quality 
supernatant \utomatic 


lectors are 


quality  se- 
for this 
They should be checked for 


effectiveness quite frequently and back- 


sometimes installed 


purpose 


flushed when they become clogged. 


Where 


practice TO 


otner plant 


operations permit, it is sound 
return supernatant to 


units where it 


¢ ffect 


will have 
Usually, 
the 


plant is at its 


adverst 


the minimum 


the hest time To do this is when 


raw sewage flow to the 


daily tow It is unwise to impose the 


supernatant load during periods when 


ine tanks and aer- 
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ators are already receiving peak daily 
Multiple-digester installations 
flexibility of 
and rates of withdrawal and points of 


loads. 


permit increased times 


transfer. 


7.47 Withdrawal of Digested 
Sludge 


Digested sludge should be withdrawn 
as soon as it has reached a reasonably 
wood stage of digestion as determined 
from its volatile Section 
7.34 Sludge 


sooner, of 


eontent (see 
ean be withdrawn 
other 


Generally, however, and 


course, if treatment 
units permit. 
particularly in the small and medium- 
sized plants, a well-digested sludge is 
required for disposal without nuisance 
The only purpose of leaving sludge in 
a digester after it has reached accept- 
able quality is to provide sufficient 
seeding material for the incoming raw 
sludge. 

When sludge 


drying beds, it may have to be stored 


is dewatered on open 
in the digester for prolonged periods 


after digestion is completed, particu 


larly in eold climates or areas having 


long periods of rainfall Under these 
conditions, several drawoffs should be 
the 


son to reduce the accumulation of di 


made during more favorable sea 
vested material. 


When 


fixed-cover unit, air will be drawn into 


withdrawing sludge from a 
the digester creating possible explosive 
the 
ment is equal to the rate of withdrawal. 


mixtures unless rate of replace- 
Equal care must be taken to keep the 
liquid level above the stops of a float- 
ing 


vented. 


cover if a vacuum is to be pre 


7.48 Stage Digestion 

Stage digestion utilizes two or more 
The initial 
digestion period is separated from the 


tanks in series. violent 
final stage of the digestion eyele, thereby 
establishing a still zone for compaction 
and separation in the second digester 
In the primary digester, incoming raw 


sludge is mixed with seeding material 
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mWiot ion 


and the tank contents kept in 


almost continuously by » of mechani 


cal mixers, gas-recirculation equipment, 


or recirculation from rnal heating 
systems. Some sl 


mally Occurs 
with the heavi 
The 


thi ary al 


bottom. 
pleted 
there is a 


ik where 


Ink 
lowe production 


ereatly reduced niXing Gren 


and 
, 


erally, ther 


than 


Sup 
natant 
ole-stage ra} 


When 


a fixed-coy 


ormal 


pernatant or 
transferred supernatant 


, , 
Litt \ ll ! V SiUdaYs S being 


transfer 
pumped to 

pernatant and 

condary 


digester 


withdrawn fron 

under the mos onditions as 

modified by otl plant Operations 
Temperat ondary dl 


vester ! all naintained from 
1O°k 

unit. Une 
he 


Unite 


IS 


to the primary 
this 
di 


the 


Satis 


ditions, 
makes ondary 
vester during 
coldest part of the veal it if 
factory digestion nt Tamed, la 
be 
ture. 


A floating 


digester may 


necessar 


fashion 


as a 


automatic livht-sludg 


Supernatl 


' 


transfer through th overtTiow 


If desired nowe 


piping 
inster may 


1 
adavs 


be made ever} 


Cireulatio or two 
thirds of the second 
tank 


transferred | he first tank 


with the ernatant 
is dis 
ser 


cussed inh 


7.49 Scum Control 


scum 
the 
volume n 


formations in digesters have 


disadvantages ol! ccupyving 


terfering 


AL 


WPCF 


mixing, and temperature control, par 


scum layer becomes ex 
the 


d by supernatant, thereby 


ticularly as th 


tensive, c occupying space nor 


mally Occup 


+ 


preventing selecti 


m and withdrawal ot 


vood quality upernatant, and d in 


terfering \V ras separation and col 


lect ion 
Scum three 


eeneral cate 


L. Pe 
duction of oil certal rrea . and 
other materials which not digest 


readily. 


rye 


so} of thes terials should 


drastically reduced at 


re duced by 


eliminated o1 
their source 
skimming 
plant 

2. Rem I ! ible n 


through 


aterials 
vester, Oils 
burned if 
and other f 
and 


dewatered 


so removed should | 


prac 
ticable: gre: mate 
1 } 


, . 
rials SHOUT De 


atty 


buried, fibrous ma 


terials may b on drying 


| with the 


he s or | dis OSA 


sludge 


2 Thorou th livester 


eontents fective dives 
Effect in e may b 
by ( 


the 
tie 


tank 
11on accomp 


lished 


ne on 


depend 


ans 


eoils 


a) Wher 

fixed-cover digestet 
tt of eos 
This 


increase the 


nstall ais 
top of the tank 
heat n ay 
sufficiently to 


rate ot digestion 


cause | separation and 


compact 
Where 
external heat 


} 


‘lia 


provided 


recir 


by 
exchangers, 
te warm supernatant to the 
at the 
and prefera 
addi 
This not only in 
the 


top 0 SCun lave! 


or 


more 


‘mperature in 


seun ZONE but inerea 


MOISTUYe eontent. 
ts specific 


to settle and 


ausing 
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with the rest of the material 


HIN 


in the digester 


Install scum nozzles in the top 


of the fixed cover near the cen- 


ter Recireulate warm super 


hatant usiheY a 


high-capacity 
pump 


effect which 


a whirlpool 


and draws down the surround- 


Ing mass, soft sub- 


ening and 


merging it for mixture with the 
other eontents ot the digester. 
d) Install a draft tube 


capacity circulating 


with high- 


this type ol circulation is. re- 


peated frequently, usually every 


The jet action will create 


wets 


mixer. If 
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day or so, scum formations may 


be broken up and circulated 


with other digesting materials 
before they become extensive. 
Install 


ment, 


vas-recirculation equip- 
The release of compressed 
digester gas at frequent inter- 
vals breaks up scum 

Operate slow-rotating scum 
fixed- 


bottom 


breakers installed in some 
with 
These 


ers may have to be supplemented 


cover tanks alone 


sludge scrapers. break 
by pump recirculation of super- 
natant for fully 
control, 


effective scum 


7.5 DIGESTER MANAGEMENT—OPERATION TROUBLES 


7.51 Symptom A—Sludge 
Temperature Fluctuates 


Widely 


7.511 Cause and Prevention: 


ne large 


high 


rapidly 


Pump 


volumes of thin sludge at 


rate to a digester tends to cool it 


Pumping sludge at a slower 
rate over a long period of time reduces 


total volume and requires less heat. 


7.52 Symptom 
Drops in Unit with Hot- 
Water Coils 


B—Temperature 


7.521 


particularly if 


Cause:— (Over a period of time, 


heating-water tempera 
ture exceeds 130°F, 


sludge solids may 


adhere the coils forming a_ thick, 


W hich 


transfer of he O the 


insulating prevents the 
contents of the 


diae stel 


7.522 Prevention 
these 


and Cure:—Clean 


This operation ealls for 


surtaces 


emptying the digester or replacing this 


form of heating with an external ex- 


changer Removal of such material 


from the pipelines in the heat ex- 


changer can be performed rather easily 


and quickly 


7.53—Symptom C—Temperature 
Constant, Gas Production 
Drops 
7.531 Causes: 


singly or in 


Several conditions 


combination may cause 
gradual reduction in gas production. 


The following are the most common: 


1. Increasing accumulation of seum. 
2. Increasing accumulation of 


This condition 


erit. 
is often marked by in- 
creased difficulty in removing digested 
sludge. Usually this difficulty will be 
before the 
reduces digester volume sufficiently TO 


experienced accumulation 


retard digestion and gas production 
3. Excessive acid production or acid 


condition, as indicated by a lowered 
pH and afi inerease in volatile acids 
excess of S00 meg l. 


content well in 


The principal causes are : 


(a) Organie overloading of the di- 
gester. 

Acid wastes. Regular additions 
of highly acid wastes may grad- 
ually produce this condition. 
metals. nickel, 
and 
low concentrations, 
effect on 


sponsible for digestion. 


Toxie Copper, 
even in 


chromium, Zine, 


may have a 
organisms re- 


toxie Z 
The ef- 





“et 
lech da 


uUnnotL 


tf, Reduced 
Although 


COMMOT 


loading verdigvested 


sludge this tter condition 


is not during 


‘cur 


early periods of when the 


plant normally 


7.532 Prevention and Cure: 


Control 


») 


”? Control ot ol ly perma 


nent and really effective measure is to 
remove gr! eaches the pri 
setthn 


mary 


a Instal 
h More effective operation of ex 
isting grit-removal facilities, or 


and correcting 


Spotty 


Some oe removed with the 


digested sludge by: backflushing through 
the sludge drawoff line, often with 
ereat difficu 


When the 


SO eXTensive hat | mitertTeres 


imulation becomes 
with 
heating, thi v r must be emptied 


3. Excessive 


production 


acid cond controlled by 


reduce 


is the 

A good 
roperly en 
Whe 


present 


only eft 
sewel ord halice 
forced, is usually needed 


enough toxic Waste are 


to le \ ligestion, the 


only ure | empty the di 
Wher 


vas production has not stopped 


ester ah 13 oOvel 


completely, it vssibly may be 
| : | ‘ ; 


restored by removing a_ large 


portion of the digester contents 
Such a measure 


t worth the ffor if the 


and refilling. 
Is 1 
source 1s not 
Add 


between 


lime ke the pll 


6.8 and 7.2 


t. When 


been identified in the digester, a proper 


ver-digested sludge has 


quantity should be withdrawn as soon 


as possible Such a sludge has rela 


tively 


poor rat watering prope rties ¢com 


pared with well-digested sludge 


7.54 Symptom D—Foaming 
7.541 Causes:—This 


acterizes an avvravated state of 


condition char 


incom 


indicative of a 


digestion it Is 


balance between additions oft 


raw and reasonably digested sludg 


It may be caused by a combination of 


any or all of the following: 


l. Insufficient amount of well-buff 


ered sludge in the digester, 


2. Excessiv 


additions of raw sludge 


particularly when sludge has a high 


volatile conte 


Poo mixing of 


digester contents, 
} Ten perature 100 Low ror pro 
longed periods 


perature 


followed by rise in tem 
contents, 

». Withdrawal of too much digested 

sludge, and 

6. Excess scum formations or grit 

accumulations reducine effective ea 


pacity tor digestion 


7.542 Prevention 


mally, 


and Cure:—Nor 
outlined 
under Section 7.4 will prevent this con 


rood 


management as 


dition restore conditions 


normal 


may req or all of the 


following 


eCasSures 


l if } “aril reduce or stop raw 


sludge add 


‘ar ~ pH between Do. 








Vol 
and 7.2 while other corrective meas- 
ures are taken 

3. Restore good mixing within the 


divgeste! 
4. Raise 


range 


temperature to normal 


5. Break up and remove excessive 


scul layer 
6. If quantities of oil or grit 


large 
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digester should be 


the 


This is necessary also if in- 


are present, 
emptied. 
ternal heating coils are heavily en- 
crusted. 

7. As conditions improve, as indi- 
cated by restoration of normal pH and 
more normal sludge characteristics, raw 
sewage solids should be added gradu- 


ally in small quantities. 


7.66 LABORATORY CONTROL 


Sludge digestion is essentially a bio- 
chemical process and a rather involved 
one Its effective management and 
control observations 
of the end 


produets unless the facilities greatly 


require Trequent 


raw, intermediate, and 


exceed present needs and all other 
plant processes are so well regulated 
that even poor operation of the di 


would these deficien- 


Such a 


vester overcome 


combination of ¢ircum- 


eles 
stances seldom exists 


In deciding what measurements and 


tests are essential and desirable for his 
needs, the operator must take into ae- 
count the variability of the quantity 
and quality of the raw sludge, the kind 
the 


acceptable range of 


number of units in digester 


and the 
quality of the digested sludge and su- 


and 
SVsteln, 
pernatant If sludge gas is utilized 
for heat or power, its volume and com 
ponents become lmportant,. 


When 


ogress, the 
| 


digestion is in 


Sal sfactory 


following measurements 


and tests are most useful to determine 


loading on the digester units, depar 
tures from normal values, progress of 
digestion, quality of digested sludge 
and supernatant, effect on other plant 
units, trends in over-all performance, 
and reserves for unusual circumstances 
and future growth 


1 Raw sludge See Section 6.5. 
2. Sludge in dig 
transferred 


ester 


inventory or 


a Temperature, 


b pH, 


c) Per cent volatile matter, 
(d) Volatile acids, 

(¢) Bicarbonate alkalinity, 
(f) 
g) Quantity 


Physical characteristics, 

transferred to other 
digesters, 

h) Gas production, and 

(1) Gas components. 


3. Digested sludge withdrawn : 


a) Physical characteristics, 
b) Volume removed, 
(c) Total and volatile 
(d) pH. 


solids, and 


4. Supernatant: 


(a) Volume removed, 
(b) pH, 

(c) Volatile acids, 

(d Suspended solids, and 


(¢ BOD. 


5. Temperature of water and sludge 


at boiler, digester inlet, and return 
lines. 


6. Quantity of fuel used for heating. 


7.61 


Tests 


Raw Sludge 


and 
sludge are discussed in Section 6.5. 


measurements on raw 


7.62 Digesting Sludge 


Samples and measurements of di- 
gesting sludge should be analyzed with 


sufficient frequency to determine: 

1. The progress of digestion, 

2. Reasons for unusual performance, 
When to withdraw sludge, and 
Needed changes in controls. 


— oS 











NAT 


The 


tempera 
should he 
long 


bi 


7.621 Temperature: 
ture of the digesting 
both short 
tre 


recorded so that and 


fluctuati 


; 


observed and re 


term ons and nds may 


corded 


7.622 pH: 


dicator of conditions affecting 


The pH is a valuable in 


biologi 
cal action responsible for digestion as 


1 


discussed in Sectiol 7 


FIGURE 7-9.—Operator checking 


WPCE 


Ordinarily, the livestine 


pil of the ¢ 


sludge need hot be measured more 


often than once or twice weekly unless 
other unfavorable 
the di 


suspected 


observations show 


conditions are developing in 


lf 


or observed, 


vester, pill changes are 
Trequent checks should be 
values are restored 


made until normal 


Kigure 7-9 


Le 


equipment used with pH electrodes 


installed in sludge recirculation line. 


7.623 Per Cent Volatile Matter: 
This is the best indicator the 
When the test 


tor 
l l 


prog 
ress of digestion 


IS pel 


formed on samples pur 


the r 


poses, sults provide an excellent 


indication of the for with- 


drawal for di 
When pe rformed on samples ot mate 
the to the 


the 1 


suitability 


watering and disposal 


rials transferred from first 


second-stave digester. results 


est 














vive an excellent indication of the 


amount of digestion required in the 
second stage. 

Ordinarily, samples would be col- 
lected at the same frequency and for 


the same reasons as outlined for pH. 


7.624 Volatile Acids: 


gained in popularity in 


This test has 
recent years. 
It provides an excellent indication of 
the progress of digestion and may fore- 
It should 
fre- 
Values below 500 mg/l] 


cast possible future trouble. 


be performed at about the same 


quency as pil. 


usually indicate favorable progress in 


digestion. Of more significance is the 
degree of change in volatile acids con- 
tent A 


rise after digestion has been 


stabilized is a danger sign and a 
vradual fall from high values is usu 
ally indicative of improvement. Dur- 
ing the acid stage o* digestion, volatile 
acids may reach levels of several 


thousand mg,1; a completely digested 
sludge and good supernatant will fall 


well below 300 


7.625 Bicarbonate Alkalinity :—This 
test is found by some operators to be 
very valuable in determining the prog- 
Normal range for 
well-digested sludge is about 1,800 mg /] 


lower 


digestion 


ress of 


or The test permits detection of 
smaller changes in the digestion process 
than noted by the pHI test. It should 
same fre 


be performed at about the 


quency as the pH test. 


7.626 Physical Characteristics :— 


Physical characteristics of digesting 
sludge often give the operator a good 
indication of the progress of digestion. 
Color, texture, and odor change mark- 
edly. Each sample collected for labora- 


tory tests should be examined critically. 


7.627 Volume Transferred :—The vol- 


ume of partially digested sludge trans- 


ferred from one digester to another or 


removed for dewatering or disposal 


should be recorded to 


determine loadings on other units and 


estimated and 
for calculation of work performed by 


the unit from which it is transferred. 
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7.628 Gas Production:— The quan- 
tity of gas produced during digestion 
measured 
continuously and the total recorded 
daily. 


in each digester should be 


Departure from normal values 
should be investigated and compared 
with the results from other laboratory 
tests and known facts for control pur- 
poses. Falling gas production may in- 
dieate either reduction in rate of diges- 
tion or that digestion has proceeded to 
the point where removal of digested 
sludge is overdue. This is an excellent 
the presence of a toxic 
Sharp increases in gas produe- 


indicator of 
Waste. 
tion may identify the presence of highly 
organie wastes. 


7.629 Gas Components:—-Tests for 
methane, carbon dioxide, hydrogen, and 
hydrogen sulfide assist the operator in 
determining the cause of poor burning 
characteristies of the gas and the prog- 
These tests are not 
performed routinely. Information so 
obtained is most useful where the gas 
is used in engines. 

When the gas contains more than 30 
per cent dioxide, it may not 
burn This high CO. content is 


ress of digestion. 


carbon 
well. 
usually accompanied by poo <igestion 
and may lead to foaming, usually re- 
sulting from lack of proper balance 
among food supply, temperature, and 
digestion time. 


7.63 Digested Sludge 


Before withdrawing sludge for de- 
watering on drying beds (see Chapter 
8 for tests for chemical conditioning be- 
fore vacuum filtration), tests should be 
made to determine completeness of di- 
gestion. These tests are the basis for 
whether chemicals such as 
alum are needed for conditioning as an 


deciding 
aid to dewatering on drying beds. Tests 
and measurements made during with- 
drawal valuable for determining 
the load on the drying beds and are 
needed for calculating the sludge bal- 
ance in the digester and the work done 
by the digestion system 


are 
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7.631 Physical Characteristics: 
sludge should be 
texture, and odors 


he extent of 


The 
tor color, 


excellent 


examined 
These are 


indieators of t digestion 


7.632 Volume Removed:——The vol 
ume removed should be calculated and 
recorded 
inventories 
total and 


tO ASSIST figurine digester 


Il} 


and amount of 


“| 


The quantity removed may 


checking the 


volatile solids remove from 


the system 
be estimated readily by Ci 


alculatinge the 


volume of the d 


beds OCCUP lt 


7.633 Total Solids: 


tion of the sludge 


The 
as measured by total 
the to 


fviven Its 


concentra 


solids content, indicates 


the 


extent 


which sludge has up 
‘*hbound’’ wat It also indicates the 
extent of compaction and separation 


If other tests indicate 


that digestion is 


reasonably complete, but moisture con 


tent is high, more time may be needed 


for quiescent settline to luprove sepa 


ration and compaction 


7.634 Per 
This test, 
cates the 
digested sludge 
content in the 
cent of the total 
The 
the quantities needed to aid dewatering 
dete 


total solids de 


Cent Volatile 
than 
of 
should 
of 


Matter: 


more other, 


indi 
Well 
volatile 


15 


any 


extent digestion 


har ea 


range 10 to per 


solids 


need for adding chemicals and 


beds ined from 


on drying 
the volatile 


are rh 


content and 
terminations 


be 


withdrawn, 


Since these chemicals 
it 


made 


must add to the sludge 


be 


bore 


as IS 


St must 


sludge be 


samples of thi removal 


dive 


7.635 pH: 
sludge 
with a 


from the 
divested 
shou d sludge 
much lower value iot ready 
for dewatering 


7.64 Supernatant 


supernatant the 


ed 


treatment 


The quality ol in 


digesters should be det before 


nin 


it is transferred to the other 
processes It 


the best 


this 1s done, the zone of 
quality supernatant may be 


VAT 


WPCE 


located and adjustments can be made 


in points of discharge, quantities, and 
to ef 
Also, with 
floating-cover tanks, supernatant with 


be deferred 


Lime periods reduce adverse 


fects in other plant units 
drawals usually 


can for 


awhile 


7.641 


removed 


Volume Removed: 
ild be 


basis 


(Juantity 


obser ed and 


shor re 
determining 


and 


corded as a tor 
total 
d from one plant 
and added to another. 
best to 


volatile 
unit 
Normally, it 
at 
low rate to minimize disturbance at the 
the effect of 


‘celVIng 


pounds of solids 


matter remove 
is 
remove supernatant a very 
minimize 
the ré 


source and to 


shock loading 


7.642 pH: 


measure 


Oo} unit. 


has value 


the 


This test 
pl 


discussed 


as a 
of the digesting 

It 
helps the « perator to decide whether to 
change the point of discharge so that it 


In 
sludge 


earlier. also 


as 


will not disrupt a process. 


Super 


natant with a 


extremely low or high 
pil ordinarily would not be discharged 
to an activated sludge tank or trickling 
filter 
Supernatant 
collect 


samples are easier to 


and test than digested sludge, 


and for this reason they are relied on 
the 


to vive nit 


ot 


ormation on general 


digestion 


7.6443 Volatile Acids: 
should be per for the 
sons that pli 


state sludge 


This test 
formed same 


It 


ven rally a better indi 


rea 
iS measured is more 
and 


SCNSILLVE IS 
cator of progress ot digestion 


Good quality supernatant should have 
a volatil 500 me/]) 


be 


eid eontent below 


closer to 300 


and 


7.644 Suspended Solids: 


is useful in 


This 


concentra 


test 
determining the 
tion and quantity (when coupled with 
quantity of flow) of suspended solids 
This 
particularly important when the super 
natant 


loading on receiving is 


units 


is returned to settling and aera 
The 
dicative of the 


tion tanks concentration is 


in 


extent of separation 


and compaction of the sludge 
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7.645 BOD:—This test is useful in 


determining the loading on other plant 


units as outlined for suspended solids. 


7.65 Temperature of Boiler 
Water and Recirculated 
Sludge 


Thermometers are 


in the 


always installed 


boiler and the sludge recireula- 
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between the boiler or heat 
and the digester. It 
portant to observe the temperatures at 
least daily and adjustments should be 


made whenever necessary. 


7.66 Fuel Used 


Records of fuel purchased and sludge- 
vas consumed are useful for budgeting 


tion lines 


exchanger is im 


purposes. 
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TIPS AND QUIPS 


St. Joseph, Mo. ance with the timetable recommended 
Secretary of Health, Education, and by the hearing board was ‘‘necessary 
Welfare Arthur S. Flemming has asked to constitute action reasonably caleu 
lated to secure abatement’’ of pollution 
at St. Joseph by June 1, 1963 

The election was held on May 21 and 


the bond issue was defeated. The prep 


the Department of Justice to bring 
suit on behalf ot the United States to 


secure abatement of pollution of the 


Missouri River by the city of St. . : 
Joseph, Mo aration of plans and specifications has 


Such a suit would be the first to be "0 been ordered 


instituted under the enforcement pro Industries outside of St Joseph are 
visions of the Federal Water Pollution 
Control Act struction of their own abatement works 


proceeding with preparations for con 


The Kansas State Board of Health ' accordance with the timetable ree 


has requested that the matter be re- ommended by the hearing board. 
ferred to the Department of Justice 
and the Missouri Water Pollution Con 
trol Board has consented to the aetion 
The Federal Water Pollution Control 
Act requires only the consent of the 


Cost of Waste Treatment Plant 
Ruled a Business Expense * 


The Federal District Court for the 
state in which the pollution originates ™iddle district of Pennsylvania has al 
or the request of the downstream state lowed immediate deduction of the cost 
A notice issued by Secretary Flem of certain waste treatment facilities in 
ming on Aug. 12 1959. diveshad that ‘Stalled by direction of the Common 
wealth of Pennsylvania through its 
Sanitary Water Board. In the case of 
the Woolrich Woolen Mills, Plaintiff, 
The United States of America, Defend 


ant, the Court found that 


the city and 18 industrial establish- 
ments build and put into operation by 
June 1, 1963, ‘‘ proper, adequate, and 
effective municipal and industrial sew 
age and waste collection, treatment, and 
disposal facilities 

This was recommended by a hearing 
board appointed by the Secretary after 
the city and the industries failed to 
comply voluntarily with recommenda 
tions of the Surgeon General of the 
Public Health Services The hearing 
board found that pollution of the Mis 
souri River by the city of St. Joseph 
endangers the health and welfare of 
persons in the state of Kansas 

A timetable recommended by the 
hearing board called for a bond elee Best Seller? 
tion by June 1, 1960, to finance the ; . 
necessary municipal facilities and a Brentano’s book store in Washing 
notice to the ci ngineer bv July 1. ton, D. C., is advertising a one-dollar 
1960, to proceed with the preparation ‘Pollution Map of » Potomae.”’ 
of final plans and specifications ® From the Newsletter of the New Englat 
In his notice of Aug y 1959, the Interstate W 


Secretary said he that compli sion, June 19 





Federation Affairs 





At its 33rd Annual Meeting in Philadelphia, October 2-6, the Water 
Pollution Control Federation adopted the following statement of policy 
regarding national water pollution problems. The Federation has a real 
responsibility to the public as well as to its membership and it believes that 
by aggressively pursuing the objectives of this statement the nation’s 
health and welfare can be benefited. 

We urge you to read, weigh, and use this statement carefully to see 
where each of us can best fit our talents toward the fulfillment of these 


objectives 











STATEMENT ON WATER POLLUTION CONTROL 


Adopted by the Board of Control 
of the Water Pollution Control Federation 
October 6, 1960 


Pollution of the nation’s watercourses, ground waters, and coastal 
waters is a continuing hazard to health, comfort, safety, and economic 
welfare. While considerable progress has been made in pollution eon- 
trol by many municipalities and industries, many water resources areas 
are being degraded, impaired, and damaged by such discharges, and 
they will be further adversely affected by the amount and pattern of 
population growth, industrial expansion, and technological advance 
ments. 


T'o Assure the ('onse rvation and Protection o} the Nation’s Water 
Re SOUTCES, the Wate } Pollution Control Fe de ration Be lie ves: 


1 That the discharge of pollutional wastes into the waterways of 
¢ the nation should be controlled. 


2 That the type and extent of treatment and control for any specific 
¢ situation must be determined after consideration of the technical 
factors involved. 


3 That the responsibilities for the adequate treatment and control 
¢ of wastes to overcome pollution must be shared individually and 
jointly by industry and local, state, and federal governments. 
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That bi sic and applied researeb DY ct hipetent personnel must be 
4. encouraged by broad mutual effort to develop new knowledge 

will solve water pollution problems. 

That the administration of pollution control must be firm, effee 


tive, and equitable. 


¢ That the administration of state and interstate pollution control 
e programs should remain in the hands of state and interstate water 


] 


pollution control agencies which must be supported by increased 


] 


budgets and adequately staffed by well-trained and compensated engi 


neers, scientists, and other personnel. 


7 That the prinary objective ot pollution control is the protection 
e of the publie health, with other objectives adding impelling rea 


; 


sons for water resources protection. 


8 That federal activity in water pollution control should be ad 
® ministered by the Public Health Service, the organization best 
fitted to perform these functions by virtue of its long experience and 


close COOPK ration with state health departments and state and interstate 


water pollution control agencies, 


That the public must be made fully aware of the hazards of pollu 
tion and of the workable means for control, so that it will sponsor 
and support construction and proper operation of all necessary fa 
cilities. 
10 That mandatory certification or licensing of better-trained and 
° compensated operating personnel is the best ultimate means 
for assuring the most effective operation and maintenance of pollution 
control facilities. 
1 1 That standards for radiation hazards in water pollution con- 
e trol should be primarily in the interest of the protection of the 


publie health. 


12 That the control of toxie and exotie chemicals should be exer 
® cised, to the maximum extent practicable, at the source in order 


to prevent problems in water pollution control. 


13 That federal, state, and loeal fiscal laws and practices should 
e be devised and modified to assure the most 


h economical and 


effective means for financing the construction, operation, and upgrad 


ine of wastewater treatment works. 
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PHILADELPHIA IN RETROSPECT 


There are two major activities which 
the Federation pursues in fulfillment 
of its objectives—holding the Annual 
Federation Meeting and _ publishing 
this Inasmuch as the first 
activity produces many of the papers 
which make the second activity a real- 
ity, the importance of the annual eon- 
vention is hard to exaggerate. 


Journal. 


The convention serves as the trans 
forming medium which converts pri- 
vate knowledge to public information. 
Because of the 12-month interval be- 
tween there is a_ veritable 

pollution control in- 
formation which is released in speetaeu- 


meetings. 
impoundment of 
lar manner once a year. 

Without qualification, the 1960 Fed- 
eration Meeting in Philadelphia was 
a superlative one in every respect. 
strong technical 
eram and manufacturers’ 
Local 
the chairmanship of Sam 
filled every 


memorable event 


Supported by a pro- 
exhibits, the 
\rrangements Committee under 
Baxter ful- 
providing a most 
Without doubt, the 
situation of Philadelphia as 
of a di inhabited area 
advantage. Certainly 
ctors were also responsible for 
Unusually 
support by in- 
dustry representatives particu- 
larly gratifying phases of the meeting. 


desire in 


‘avorabl 
nsely 
was a rreat 
other fa 
the irgve attendance. 
interest and 
were 
Of course, Philadelphia is a ‘‘natural”’ 
industry. Elegant 
niceties such as the complimentary bus 
provided by the city of Phila- 
ce Iphia eased the 


tol those from 
service 
transportation prob- 
lem which is usual with big city meet- 
ings 


Quantitativels the meeting set ree- 
ords in every measurement of prepara- 
New maximums 
numbers of ses- 
exhibitors, exhibit 
and ladies’ 
The total 
more than the 
1957 at 
going to be an 


tion and response 


were established for 
SLONS, 


papers, 


booths, as well as men’s 
and total registration 
1,720 


previous high established in 


reg- 
istration of 357 


Boston is not easy 


one to surpass. However, it is a meas- 
ure of interest in the 1960 Annual 
Meeting of which every Federation 
member may take just pride. Those 
who missed it, missed the biggest and 
best. Elsewhere in this issue is a de- 
tailed report of activities at the meet- 
ing. 

It takes little reflection to realize 
that such meetings are caused; they do 
not just happen. In addition to our 
thanks to the Local Arrangements 
Committee, particular appreciation is 
due to Chairman 
and the Publications and Program 
Committee; President George W. 
Kelsey and his fellow officers of the 
Water and Works Manufae- 
turers Association, and Past President 
S. I. Zack and every member of the 
Pennsylvania Water Pollution Control 
The Water and 
Works Manufacturers Association gave 
its second Annual Luncheon at a Fed- 
eration meeting, as well as its first 
Board of Governors meeting—in ad- 
dition to many extra held 
during the convention. 

Unfortunately, a meeting of such 
size and complexity cannot take place 
without mishaps. There were 
mechanieal difficulties which all 
will be avoid in the 


George E. Symons 


Sewage 


Association. Sewage 


meetings 


some 
some 
effort 
future. 

The meeting and its 
place on the program of Federation 
activity is not measured by 
alone, but it is a 


made to 
suceess of a 


statisties 
inmost pleasant ob- 
servation to contemplate the enthusi- 
astic response that was shown in Phila- 
delphia last month. 
We believe this 
strated an awareness of a new era 
in water pollution control. We all 
have a tremendous responsibility in 
meeting the growing demands for the 
solution to these problems Phila- 
delphia offered the opportunity for a 
real exchange of meet the 
challenges of today and tomorrow 


R. E. F 


meeting demon- 


ideas to 
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NATIONAL CONFERENCE ON WATER POLLUTION— 
DEC. 12-14, 1960 


President Eisen 
hower and Secretary of Health, Educa- 
Welfare Arthur 8. Flem 
ming, a National Conference on Water 
Pollution has called by 
General Leroy E. Burney of the Public 
Health Service. More than 1,000 rep 


resentatives of 


At the request ot 


tion, and 


been Surgeon 


covernment, industry, 
and civic groups will participate in the 
conference, to be held December 12 14 
at the Sheraton-Park Hotel in Wash 
ington, D. ( This is the fed- 


consider 


first 
erally-sponsored meeting to 
water pollution in 
health the 


water needs of the national economy. 


relation to public 


and to present and futur 
The conference theme will be 
Water—A Challenge to the 


The purpose of the 


**Clean 
Nation 
will be 


water pollu 


eonterence 


to assess the problem Ol 
tion, to determine its effects on the na- 
tional welfare. and to set realistic goals 
for its control 

There 0 
Monday, December 12 


agenda will include four day-long panel 


will be a general session on 


Tuesday ’s 
SESSIONS the im 
pact of iblie 
health and economic development; (D 
the 


responsi 


which will cover (a 
water pollution on | 


water resource 


management: Cc 


legal, financial, and 
bilities of gov 
and (d 


Recommendations from each panel will 


publie 


ernment and industry: 


research and training needs. 

be discussed in a final general 

on Wednesday December 14 
At a banquet on Monday night, na 


tional water 


Se@SS1ION 


pollution problems will be 


outlined in a round-table discussion by 
Senators Robert S. Kerr 

Oklahoma Francis 
publican of South Dakota 
sentatives John A. 
of Minnesota 


Democrat of 
and (Case Re 
, and Repre- 
Blatnick (Democrat 
and William C. C 


Republican of Florida 


ramer 
The significance of such a meeting is 
emphasized by the fact that the Public 
Ilealth Service estimates that 
tL OOO 


the con- 
struction of new sewage treat- 
ment plants and the modernization of 
1.700 needed to handle the 
municipal now dumped into 
the nation’s rivers and streams. It is 
further that it take 
$4.6 worth of construction if 


munieipalit ies are to 


more 18 
sewave 
estimated will 
billion 

eatch up with 
1968. Although 
treatment facilities 
are more difficult to project, the Publie 
Health 


now more than 6,000 new projects are 


treatment needs by 


industrial waste 


Service that as of 


estimates 
required for handling waste discharges 
[f built in today’s construction market, 
these would 
including 


treatment facilities cost 


about $2 billion, inplant 
Kurther estimates show that 
backlog of 
treatment 
for industry 
will have to spend between $575 mil- 


changes 
to wipe out the needed in 


dustrial waste construetion 


and to provide crowth, 
lion and $600 million annually if it is 
to catch up with needs by 1968. 
Planning for the conference was done 
by the Public Health and a 


steering committee made up of 30 or- 


Service 


vanizations, including the Federation 


Administration of the meeting is being handled by the Public 


Health Service. 


For further information about the conference 


you are invited to contact Frank A. Butrico, Executive Secre- 
tary, National Conference on Water Pollution, Public Health 
Service, U. S. Department of Health, Education, and Welfare, 


Washington 25, D. C. 
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A SIMPLE, ACCURATE METHOD FOR 


INDICATING DIGESTER COVER POSITION 


Varec’s economical gauge board indicator 
accurately gauges the movement of floating 
cover digesters with a simple working mech- 
anism...displays readings on a 12-foot, 
easy-to-read anodized aluminum gauge 


board installed directly outside the digester. 
The calibrated gauge board shows measure- 


10-foot 
range with an extra 2 feet of pointer meas- 


ments in feet and inches...has a 
urement for greater cover or overflow travel. 
It provides ‘quick-at-a-glance’ reading with 
a bright red pointer that contrasts sharply 


against the white aluminum board and large, 


Oc cable that runs from 
foro h’-1 moe lalal-iedlelamcomeeltiaie—y 
weight powered working 


mechanism 


KI ©) Gauge Board 


| 


(©) Red Pointer 


G0) Rai -tenaaner-| 


\ high-low limit 


switch —in explosion-proof 
housing—used to actuate 


alarms (optional) 


black numerals. All parts are ruggedly con- 
structed and the working mechanism is 
enclosed in a protective housing. 





For complete information on a 


VAREC OFFERS POSITION INDICATORS 
FOR ALL DIGESTER COVER NEEDS... 


Other Varec cover position indicators 
include a dial type indicator that registers 
indication within a 10-foot range on a large, 
easily read dial and can be equipped with 
alarm switches. And, for remote contro! 
reading, Varec provides a highly-accurate 
gauge head indicator that delivers gauging 
accuracy to 2 inch adapts for use with 
electrical or pneumatic remote reading or 
control equipment 











} 


{ Va e digester 


cover position indicators, write for Varec Cata- 


log No. S-4, Dept. JW P-1221-3 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street »* Compton, California 


TRADE @ MARK 


Branches and Representatives in Principal Cities 
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MANUAL -AVAILABLE 


M.O.P. 7—-SEWER MAINTENANCE 


complete coverage for protecting 
a $15 billion investment 


a first in the field 
64 pages 
68 references 


$1.00 to members; $1.50 to others 


see coupon on page 601la 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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SELF-CLEANING 
NEW trasu raves 
These Jeffrey storm water screens at Port 
Arthur, Texas have no sprockets at the bottom; 
they depend on the weight of chains and flights 
to keep them tight. The flights can push away, 
therefore, if some large object tends to jam 
the movement of the rakes. 
This is special equipment designed to meet 
a special problem, the sort of assignment 
Jeffrey sanitary engineers like to tackle. 
They’re expert, too, in all the usual problems 
faced in sewage and water treatment—have the 
long line of proven Jeffrey equipment with 
which to solve them. 
Jeffrey offers complete technical informa- 
tion on plant layout and machinery. For this 
help, write The Jeffrey Manufacturing Com- 


pany, 902 North Fourth St., Columbus 16, Ohio. 
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CONVEYING + PROCESSING + MINING EQUIPMENT... 
TRANSMISSION MACHINERY. ..CONTRACT MANUFACTURING 
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KEY 
to 
37,000 JOURNAL Pages 
in 


Two Short Volumes 





TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 
important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject, and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 





WATER POLLUTION CONTROL FEDERATION 
B435 Wisconsin Avenue Washington 16, D.C. 




















WPCF publications 











Safety in Wastewater Works Sewage Treatment Plant Design 


Contains information on hazards, acci- Prepared jointly by the Federation and 
dent statistics, rescue methods, safe prac- ASCE. Detailed presentation of the sub- 
tices, and equipment. 56 pages. $0.75 ject. 375 pages. $3.50 to members; $7.00 
to members; $1.50 to others. Order as to others. Order as Item MOP-8.* 

Item MOP-1.* 


Design and Construction of 
Utilization of Sewage Sludge as Sanitary and Storm Sewers 


Fertilizer Prepared jointly by the Federation and 


An authoritative evaluation of advan- ASCE. Detailed presentation of the sub- 
tages and limitations of sludge as a soil ject. 283 pages. $3.50 to members; $7.00 
conditioner. 120 pages. $0.75 to mem- to others. Order gs Item MOP-9.* 
bers; $1.25 to others. Order as Item 
MOP-2.* Twenty-Year Index to Sewage 
ale Works Journal 
Chlorination of Sewage and In- Covers Sewage Works Journal, 1928- 


dustrial Wastes 1948. Author, subject, and geographic. 
144 pages. Buckram bound, $3.00. Order 


Reviews history, development, and up-to- as Item Dex-20 


date technique of chlorine application. 90 

pages. $1.00 to members; $1.25 to others. : 

Order as MOP-4.* Ten-Year Index to Sewage and 
Industrial Wastes 

Air Diffusion in Sewage Works Covers Sewage and Industrial Wastes, 


History and modern practice in design, 1949-1958. Author, subject, and geo- 
installation, operation, and maintenance of graphic. 168 pages. Buckram, $4.00; heavy 
diffuser systems ond appurtenances. 75 paper, $3.00. Order as Item Dex-10. 
pages. $1.00 to members; $1.25 to others. 


Order as Item MOP-5.* Glossary—Water and Sewage 


Control Engineering 
Units of Expression for Wastes Prepared jointly by the Federation, ASCE, 


and Waste Treatment AWWA, and APHA. 2,600 terms per- 
taining to nomenclature. 274 pages. 
$1.00. Order as Item Gl. 


Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 
treatment. 8 pages. $0.25 to members; 
$0.50 to others. Order as Item MOP-6.* Binder 


Multiple wire, 2-in. capacity, for all 
Sewer Maintenance MOP’s listed except 8 and 9. $2.00. 


Order as Item Bi.* 
A guide for maintaining a municipal or 


industrial drainage system in serviceable , 
condition. 64 pages. $1.00 to members; * Discount of 15% on orders for 12 or 
$1.50 to others. Order as Item MOP-7.* more of any one manual. 


Water Pollution Control Federation 
4&35 Wisconsi , Washington 16, D. C. 
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Member Association 
If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. 





WATER POLLUTION CONTROL PRODUCT GUIDE 





ces is offered as 
ion from those firms 
| s list current with 
te Members and 
 6the.) «services 


abetical listing see Index 











Aerators (also see Diffusers, Air Industrial Materials Co 
Alpha Ltd. (Switzerland U. S. Pipe & Foundry C 
American Well Work R. D. Wood ¢ 
Chicago Pun ( lay Pipe Products 
Materials ( 
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MONTANA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 16th Annual Meeting of the 
Montana Sewage and Industrial Wastes 
at the Northern 
on Apr. 28-30, 


Association was held 
Llotel, Billings, Mont., 
1960 The meetine was held in con- 
junction with the Montana Section 
of the American Water Works Associ- 
ation Attendance totaled 117. 
Federation Vice-President Ray KE. 
Lawrence presented the Bedell Award 
contributions to the 
Association to Irving J. 
Hlumbolt Oil Co., 
Billings, Mont. 
during the 


for outstanding 
Montana 
Staid, 
Carter Division, 

Elected to 
1960-61 were: 


Manager, 


serve year 


Chairman: William J. Wenzel, Great 


Falls 


Vice-Chairman: Ben Chestnut, Ana- 
conda. 
Director: Tom Schultz, Cody. 
Secretary-Treasurer: A. W. Clarkson, 
Helena. 
ArtTHuR W. CLARKSON 


Secretary-Treasurer 


IOWA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 42nd Annual Meeting of the 
lowa Sewage and Industrial Wastes 
Association was held at the Hotel Ot- 
tumwa, Ottumwa, June 15-17, 1960. 

At the well-attended 
sions these papers were presented: 


technical ses- 


Treat- 
Henningson, 


‘‘Safety Design in Sewage 
ment,’”’ Paul Bolton, 


Durham and Richardson, Omaha, Nebr 


by 


(Continued on page 605a 
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* Sewer and Pipe 


* Sewer Rods 


* Braces 





* Sectional Steel Rods 
* Complete Sewer Cleaning Machines 


* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consuit Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W.H. STEW ART, INC. 0.0. 20x 767, Syracuse, N.Y. 


Cleaning Equipment 


and Guides 
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“Results of a Utility Safety Pro- “Waste Stabilization Ponds—De- 
gram in a Municipality,’’ by Vinee  sign,’’ by Lawrence Murray, Consult- 
Gardner, Safety Supervisor, Depart- ing Engineer, Fort Dodge, Lowa. 
ment of Municipal Utilities, Fort ‘*Waste Stabilization Ponds—Biol- 
Dodge, Iowa. ogy,’’ by Joe K. Neel, Regional Biolo- 

‘‘Water Resources and the Waste gist, U.S. Public Health Service, Kan- 
Control Program,’’ by Merwin Dougal, sas City, Mo. 

Staff Engineer, Iowa Natural Re- ‘**Package Plants,’’ by R. J. Schliek- 

sources Council, Des Moines, lowa. elman, State Department of Health, 
Intercities Waste Treatment,’’ by Des Moines, Iowa. 

C. D. Mullinex, Engineer, Howard R. 

Green Co., Cedar Rapids, lowa. 

‘*Industrial Wastes Treatment,’’ by 
A. J. Steffen, Sanitary Engineer, Wil- President: Mareus P. Powell, Iowa 
son Co., Chicago, IL. City. 

‘‘Radioactive Waste Disposal,’’ by Vice-President: D. P. Morrow, Des 
Royal E. Rostenbach, Research Dzi- Moines. 
rector, Ozone Division, Mast Develop- Treasurer: Harry E. Boren, Marion. 
ment Co., Davenport, lowa. Secretary: L. F. Skorezeski, Marshall- 

‘*Federation News,’’ by WPCE Vice- town. 


President Ray E. Lawrence. 


At the business meeting these of- 
ficers were elected for the year 1960-61: 


I’, SKORCZESKI 


‘*Metropolitan Planning,’’ by James Beeretary 


B. Coulter, U. S. Publie Health Serv- 
ice, Cineinnati, Oto Continued on page 607a) 





SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 

ALL SNOW GATES and Lifts are ‘‘ Parker- 
ized" for protection against rust and corro- 
sion. 








Over 40 years continuous service to the in- 
dustry. 

We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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CALIFORNIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 
The 32nd 
California 
Wastes Association held at the 

Berkeley, Apr. 27-30, 1960. 
At the technical sessions there were 


annual conference of the 


Sewage and Industrial 


Was 


papers on: measurement of radioac- 
tivity in 


trol, 


sewage, Water pollution con- 


metropolitan planning, public 
relations, uniform design and construe- 
tion fiber 
backwater 


and 


practices, pipes, sewer re- 


pairs, damage, sewer cor- 


rosion coutrol. 


space-flight prob- 
lems, measuring pollution assimilation 
by long-term salinity changes, pretreat- 
ment of wastes, daily and monthly op- 
erating logs, aeration requirements, 
oceanography and outfall construction, 
deep-water ocean disposal of radioac- 
tive wastes, refinery 


waste treatment, 


industry-state monitoring, construction 
economics, measuring flows with radio- 
isotopes, and effect of radioactive 
wastes on municipal waste disposal. 

At the Awards Luncheon, WPCF 
President Mark Hollis presented to 
Richard Pomeroy the Bedell Award 
for his accomplishments in 
furtherance of the 


California 


singular 
interests of the 
The Hatfield 


Award for outstanding achievement in 


Association 


WPCE OTs 

President: Dennis ¢ Leary, San Diego. 

Ist Viec-President: Oak- 
land. 

2nd Viec-President: Paul V. LHennessy, 
Laguna Beach. 

Director: Edward O. 
lejo. 

Secretary-Treasurer: Robert L. White, 
Burbank. 


Ross. 


Elmer 
Val- 


Sampson, 


Rospert L. WHiItre 


Sccretary-Treasurer 





Leading manufacturer of water, 


sewage and waste treatment 
equipment seeks two technical 
men: (1) Process service man for 
plant start-up with background 
in water plant operation and lab- 
oratory procedures; familiarity 
with sewage treatment field also 
desirable. involved. (2) 


Sanitary engineer, with some ex- 


Travel 


perience, for engineering posi- 
tions leading to sales-engineer- 
ing. Please submit resumé of 
qualifications, experience, de- 


sired salary range, etc. to Box No. 


the field ot 
to the late 
Operator of the 


wastewater treatment went 
Toole, Sr., Chief 
Sacramento works. 

New officers for the 1960-6] 


O, Journal Water Pollution Con- 
trol Federation, 4435 Wis. Ave., 
Washington 16, D.C. 


George IK 


vear 











AUTOMATIC LUBRICATION 
For Centrifugal Pump Glands 


The Z-F Grease Seal applies constant positive lu- 
brication to packing and shaft — automatically. Im- 
proved shut-off mechanism permits use of either 
grease or oil. 

No moretrouble spot where shaft enters casing — elimi- 
nates excessive heat, rapid wear, leak- 

age and scoring. 

Horizontal or vertical mounting. 

Many other advantages too. Write fer 

complete description and price. 

Zimmer & Francescon, P.O. Box 359, 

Moline, III. 
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& 


Kefractory Building Materials 
| Carborundum ( 
Pumps, Gas | he - ag . 
Roots-Connersville Blower, Div f | . : Ma “4 . Pr si re. 

Dresser Industries Inc sae , os hy Mic ( 
Sutorbilt Corp ss a 


" p 
ae Mee, Ine pcm Equipment c 
apor Recovery Systen 0 

Pumps, Sewage 2 ; 
Alpha Ltd. (Switzerlar Sampling Equipment 
American Well Work Chicago Pump ¢ 
Aurora Pump Div nh I : 

Air Brake C« La ide Engineering Corp 


Chicago | Sand, Gravel, and Stone 
Daveo C Graver Water Conditioning Co 
Eimco Corp \ M 
Fairbanks, Morse & 
Gorman-Rupp C« Screening Equipment 
Infilco Inc Alpha Lt Switzerland) 
Marlow Pump div 3 American Well Work 
sett Ce Chain Belt Cc 
Smith & Loveles Chi 
Sutorbilt Corp I 
Wallace & Tiernan I | | 
Wemco Div., Wester Machi Infil Ir 
1 
I 


terials ¢ 


hicago Pump Co. 
Dorr-Oliver Inc 

( rp 
Worthington Cory Jeffrey Mfg. Cx 
Yeomans Brothers ¢ nk-Belt C 
Zimmer & Francescor Walker Proce 


Pumps, Sludge é er & Frar 

Alpha Ltd Switzerlan 

American Well Work 

Aurora Pump Div The New York 
Air Brake Cx 

Ralph B. Carter ¢ 

Chicago Pump ¢ 

Dorr-Oliver Inx 

Eimco Corp 

Fairbanks, Mor 

Gorman-Rupy 

Hardinge ( 

Infileo Inc 

Komline-! 

Marlow Pi 
sett Cx 

Nagle Pump 

Sutorbilt Corp 

Wallace & Tiern: 

Wemco Div., Weste hiner 

Worthington Corp Sewer Cleaning Equipment 

Yeomans B rs ( Flexible Ir 


Zimmer & France 


Pumps, Vacuum 
Roots-Connersville |! 
Dresser Industrie 

Sutorbilt Corp 
Pumps, W ater Shredders lso 
American We VW d Grinders) 
Aurora Pump Div I \ 4 a 
Air Brake ( 
Ralph B. Carter ¢ 
Chain Belt ( 
Chicago Pump Ce 
Eimco Corp 
Fairbanks, Morse & ( 
Gorman-Rupp Siphons 
Marlow Pumps, Div. of Bell ‘ Aly Ltd 
sett Ce 
Wallace & Tiert Inc 
Worthington 
Yeomans Brother 
Zimmer & Fra 


Sedimentation Equipment 


ent) 


€ 


Homestead Valve Mfg. ( 
National Water Main Cl 
W. H. Stewart. Inc 


Sewer Inspection 


(Switzerland) 
n Well Works 
Carter Co 


ngineering Corp 
Pac u Tank Co 
Radiation Equip- | eot srothers Ce 
ment 
Westinghouse Electric Corp 
Radios, Mobile 
General Electric ¢ 


Monitoring 


Sludge Concentrators 
| ( 


Nichols Engr. & Research Corp 
ee Saas ef iss ~~ Flotation Equipment 
Recording, and (¢ y 
Builders- Providence 
dustries 
Burgess-Manning ( 
ments Div 
Fischer & Porter Co 
Fisher Scientific ¢ 
Foxboro C 
General Electric ¢ 


Equ € 


Sludge Handling and Control 
Ch Belt C 


Div. of Sterling 


Sludge Removal Equipment 
leffrey Mig. Cc 

Link-Belt (¢ 
Webster Mfg., Inc 
Z r . 


Proces Div Sterling 


Sludge Shredders 

Alpha Ltd. (Switzerland) 
Gruendler Crusher & Pulverizer Co. 
Jeffrey Mfg. Co 

Sprockets 

Chain Belt Co 

Link-Belt Ce 

Webster Mfg., Inc 


Steel Pipe Products 
Arr Drainage & Metal Products, 
I 


Structural Metal 
Ipha Ltd. (Switzerland) 


Switchgears 

Alpk Ad. (Switzerland) 
General Electric Cx 
festinghouse Electric Corp 
Worthington Corp 


Tanks 

Chain Belt Cc 

Link-Belt ¢ 

Pittsburgh-Des Moines Steel Co 
Preload ( Inc 

Stebbins Engr. & Mfg. Co 


Tools 
Flexible Ir 


Transformers 

Alpha Ltd. (Switzerland) 
Electric C 

ise Ele Corp 


J 


Trickling Filter Equipment (see 
ter Equipment, F 


Filter) 
Trucks and Tractors 
in Corp 
Turbines 
hington Corp 


lso see Filters, 


Engr. Cor 
B-I-F 

Valves and Gates 

Ar Drainage & Metal Products, 


) 


I 
Industrie 


s-Providence Div B-I-F In- 
i ie 
man Valve Mfg. Cx 
‘Zurik Corp 
ration Equipmer 
mestead Valve \ 
ustrial Materials 
i Valve Cx 
lier Ce 
‘Il Mfg. Co 
R Connersville 
Dresser Industries Inc 
nplex Valve and Meter C« 
P. Smith Mfg. Cc 
Snow Gates & Valves, In« 
Westinghouse Electric Corp 
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STANDARD METHODS 
Lith Epition 


NEW TITLE Standard Methods for the Examination of 
Water and Wastewater. 





JOINTLY PRODUCED American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


DETAILED COVERAGE Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


NEW COVERAGE More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


ORDER NOW Special price of $8 to members of any of the 


three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue, Washington 16, D.C. 


USE THIS COUPON Publication: STANDARD METHODS FOR THE 


EXAMINATION OF WATER AND 
WASTEWATER, lith Edition. 


Enclosed is remittance for $ 


Print Name 





If an invoice is necessary, pestage will be added 
Checks may be made payable to WPCF. 
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DESIGN MANUALS / 











“Sewage Treatment Plant 


¢ TREATMENT PLANT Design,” 374 pages of the 
DESIGN latest information for those 
interested in plant design. 
e SEWER DESIGN AND (WPCF MOP 8). 
CONSTRUCTION 


“Design and Construction of 
Sanitary and Storm Sewers,” the 
COMPANION VOLUMES widely used sewer manual con- 
IN THE taining 283 pages of comprehensive 
information, including more than 100 

FEDERATION 


illustrations. (WPCF MOP 9). 
MANUAL 


SERIES Each manual is offered to members at 


$3.50, and to others at $7.00. 


(Produced Jointly 


with ASCE) Bring your reference library up to date with 


the addition of these authoritative volumes. 





See Publications Page in this issue for other 


details and convenient order coupon. 








WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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PROFESSIONAL SERVICES 








ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industria! Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, 
Flood Relief, 
Disposal, 


Water Purification, 

Sewerage, Sewage 

Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 








AN DERSON- NICHOLS 
Cw Glompany 
Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 


Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridge 


Hartford, Conn Boston 14 





JOHN J. BAFFA 
Consulting Engineer 
Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 








MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers Airport Design—Sewage Disposal 
Syastems— Water Works Design and Operation —Surveys 
and Maps—City Planning— Highway Design—Construc- 
tion Surveya—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Hilinols 








Consulting Biologist 
Po ition St dies 
Stream and Lake Surveys 
Toxicity Tests 
Biological and Chemical Analyses 
Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 
Consulting Engineers 
G. 8. Bett C. G. GaIruer J. K. Laraam 
J. W. Finney, Jr 
Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 








BENHAM 
ENGINEERING COMPANY 


Consulting Engineers 
215 N.E. 23rd Oklahoma City 


Established 1909 








BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 
Industrial Water 
Analysis Design 
Investigations 


Gillingham & Worth Sts. 


Operation 


Philadelphia 24, Pa. 





It pays to secure competent and experienced professional advice! 








JOURNAL WPCF 





PROFESSIONAL 
SERVICES 


BLACK & VEATCH 
Consulting Engineers 
Sewage — Gas — Water — Electricity — Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 

1500 Meadow Lake Parkway 

Kansas City 14, Mo. 








CLINTON BOGERT ENGINEERS 
Consultants 

CLINTON L. BOGERT IvAN L. BoGerRt 
DONALD M. DITMARS ROBERT A. LINCOLN 
CHARLES A, MANGANABO WILLIAM MARTIN 
Water & Sewage Works Incinerators 
lbrainage Flood Control 
Highways and Bridges Airfields 


145 Fast 32nd Street New York 16, N. Y. 








BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
75 West St 
New York 6, N.Y 


1000 Farmington Ave 
West Hartford 7, Conn. 








BOYLE ENGINEERING 


Consulting Engineers 


Water Sewers Streets 
Structures Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER SEWAGE INDUSTRIAL WASTE 


ONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 








BROWN ENGINEERING CO. 


Consulting Engineers 

Water and Sewage Works 
Industrial Waste Control and Treatment 
boratory Se 


La ces 


508 TENTH STREET DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


G. Browne J. Kuhner 
Smiley ; Martin 
Hinkamy Kuhn 
Consulting Engineers 

Water - Sewage - Industrial Wastes - 
orts, Designs, Constr ion 
Supervision, Investigations, 


Laboratory 


123-125 W. Church Street Marion, Ohio 








BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Puritication, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. Y. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 


Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 











BURNS & McDONNELL 
Engineers - Architects - Consultants 
4600 E. 63rd St. Trafficway 


Kansas City 41, Missouri 








CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 8, Mass. 





Take advantage of the services of these outstanding consultants! 
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CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
WATER WORKS 
Roads and Streets 
Airports 
Dams 


SEWAGE SYSTEMS 
Designs and Surveys 
Planning 
Bridges 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


PROFESSIONAL 
SERVICES 








JOHN A. CAROLLO 
Consulting Engineers 
Water Supply and Pu 
lreatment 
Power Generation, 


2168 Shattuck Ave. 
Berkeley 4, Calif. 


rification, Sewerage, 
Industrial Wastes, 


Streets. 


mew age 


3308 N. Third St. 
Phoenix, Arizona 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations— Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 








CONSOER, TOWNSEND & ASSOCIATES 


Flox rd Con- 


Ornamen- 


Water Supply mewerage 
trol & Drainage 
tal Street Lighting 


ind Power Plants 


Bridges 
Paving—Light 
Appraisals 


360 East Grand Ave. Chicago 11, Ill. 


CRAWFORD, MURPHY G TILLY 
Consulting Engineers 


SWIMMING POOLS SEWERS 


TRAFFIC PROBLEMS 
WASTES TREATMENT 


SEWAGE TREATMENT 
WATER WORKS—RESERVOIRS— DRAINAGE 
FLOOD CONTROL— AIRPORTS STREETS 
HIGHWAYS—EXPRESSWAYS—SURVEYS & REPORTS 


755 South Grand West Springfield, Illinois 








Damon & Foster 


Consulting Civil Engineers and 
Survevors 
Sewage Disposal, Water Supply, 
Land Subdivision, City and Town 


sewerage 
Surveys 
Design, Supervision 


Planning, Reports 


Sharon Hill, Pennsylvania 


Sanitary and 

ROY B. EVERSON ss Byarautic 

Engineer 

Sewage and industrial wastes treatment, city 

water purification, and complete swimming pool 
systems—Filtration Experience since 1900 


\ aluations — Reports— Research — Development 


207 W. Huron St., Chicago 10, Hl. 
StU perlor 7-3339 








FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 


rage and Drainage Systems 


Sewage Treatment 
Water Supply 

Airports 

Terminal Works 


me we 
Incinerators 
Port and 


and Distribution 
Express Highways 
Industrial Buildings 


Bridges 


11 Beacon Street Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 

CONSULTING ENGINEERS 

Water Supply, Water Treatment, 
Sewerage, Sewage Treatment 
Industrial Waste Treatment 


2130 Medison Avenue Toledo 2, Ohio 








FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage; Foundations 
Industrial Waste Disposal 
teports; Plans and 

Supervision 


New Orleans 12, La. 


Investigations ; 
Specifications ; 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking Py ms Investigations & Reports 
HARRISBURG, PENNA. 


Branch (Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 











816 Howard Avenue 








Consult these specialists for professional assistance! 
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GIBBS & HILL, INC. 
eee ‘ Consulting Engineers 
PROK ESSIONAL Industrial and Municipal Waste Treatment 
Water Supply and Treatment 


SERVICES Electric Power and Transmission 


Transportation and Communication 


PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 








GILBERT ASSOCIATES, INC. 


Engineers and Consultants 


GREELEY & HANSEN 


Water Supply and Purification Engineers 


Sewage and Industrial Waste Treatment Water Supply, Water Purification 
Chemical Laboratory Service Flood Control, Drainage, Refuse Disposal 
Investigations and Reports Sewerage, Sewage Treatment 


P.O. Box 1498 P _— 
New York READING, PA. Washington 14 East Jackson Boulevard, Chicago 4, Illinois 











HOWARD R. GREEN CO. 
Consulting Engineers eS B - ‘. R I F F I 4 4 H 
Established ! 


CONSULTING ENGINEER 


Resear Reports and Designs on Sew- 
age and Industrial Waste Treatment 
I W ork ¥ I 


. 450 West Broad St. Falls Church, Va. 
Green Engineering Building Cedar Rapids, lowa 











HAVENS AND EMERSON 


Burger H. H. Moseley 


HASKINS, RIDDLE & SHARP 
Aver) F. S. Palocsay 


Consulting Engineers | 2 G. H. Abplanalp 
4 1 “ H Suttor 

. lle Consultant 

Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 

WASTES, VALUATIONS—LABORATORIES 

1009 Baltimore Ave Kansas City 5, Mo. Leader Bldg Woolworth Bldg. 
Cleveland 14, O New York 7, N. Y¥. 














HAZEN AND SAWYER ANGUS D. HENDERSON 
ENGINEERS 


Ricuarp Hazen Acrrep W. Sawyer 
H. EK. Hupson, Jn Ancus D. HenpERSON Tuomas J. Case 


Consulting Engineers 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


Water Supply and Sanitation 


330 Winthrop St., Westbury, New York 
360 Lexington Ave., New York 17, N. ¥. 355 Knollwood Ave., Douglaston, L. I., New York 











HENNINGSON, DURHAM HORNER & SHIFRIN 
eee * Consulting Engineers 
& RICHARDSON, INC. leanne <p ag 
Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Work Light and P 


rage & Drainage, Hydrology, 
ment, Industrial Waste Treatment, 
ver, Sewers, Sewage iter ly & Treatment, Paving, Structures, 


re en t¢ rts, Flood Contré Appraisal 
reatm tI ging A earth geet dustry Engineering Service 


2962 Harney St. Omaha 2, Nebraska -21 Locust Street St. Louis 3, Mo. 

















Take advantage of the services of these outstanding consultants! 





JOURNAL WPCEF 





George E. Hubbe Albert Roth Homer W. Clark 
I lore G. B 5. Rot James W. Hubbell 


HUBBELL, ROTH & CLARK, INC. 
Consulting Engineers 


Sewage and Industrial Waste Treatment 


Sewerage and Drainage Systems 


954 N. Hunter Blvd. Birmingham, Michigan 








PROFESSIONAL 
SERVICES 








GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON-RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 








WILLIAM T. INGRAM 


Consulting Engineer 

Sanitary and Public Health Engineering 

Planning—Design—Research—Water 

Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 

Offices: 
West Coast 

90 Panoramic Way 
Walnut Creek, Calif. 


East Coast 
20 Point Crescent 
Whitestone 57, N.Y 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 








JONES, HENRY & WILLIAMS 
Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Ave. Toledo 6, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BesseLiEevRE, Mor. 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 








KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


Los Angeles Salt Lake City Tacoma 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 











KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 


al Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 








LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 
1100 South Broad St. Trenton, N. J. 





It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


LOCKWOOD, KESSLER & BARTLETT, INC. 
CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes, Incinerators 
Water Pollution Studies, Municipal Engineering, 
Aerial Mapping, Highways, and Bridges 


Syosset, New York - San Juan, Puerto Rico 
Bogota, Colombia 








Lozier Consultants, Inc. 
Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


CHARLES A. MAGUIRE & ASSOCIATES 
Engineers 


Sewage Collection and Dis; sl 
Water Supply and Distrit n 
Drainage tefuse and Pipelines 


14 Court Square Boston 8, Mass. 
1100 Turks Head Building Providence 3, R. I. 








GEORGE B. MEBUS, Inc. 
Consulting Engineers 
Water Supply Sewage Tr 
Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 

Laboratory Valuations 

Airports 
Statler Building 

Boston 16 








JAMES M. MONTGOMERY 
Consulting Engineers, Inc 
Water Supply—Water |} 
Sewerage Sewage and Was l 
Fk 
Investigat 
535 E. Walnut St 


n 


Pasadena, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGI 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 








O’BRIEN & GERE 
Consulting Engineers 
Industrial Wa Treatment 
Industrial and Municipal Water Supply 
sewerage and Sewage itment 


400 East Genesee St Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE & DOUGLAS 


Civil and Sanitary Engineers 


Water, Sewage, Drainage and 


Industrial Waste Problems 





Structural Power 


165 Broadway 


lransportation 


New York 6, N.Y. 








PIATT & DAVIS 
AND ASSOCIATES 


P. D. DAVIS W. M. PIATT, III 

Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water F fi 
Sewage Treatment, Streets, Power Plants 

Electrical Distribution, Reports and Appr 


One Eleven Corcoran St. Bidg. 


Durham, N. C. 











MALCOLM PIRNIE ENGINEERS 


Malcolm Pirnie Carl A. Arenander 
Ernest W. Whitlock Malcolm Pirnie, Jr. 
Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAI 
pply Water Treatment 
ave and Waste Treatment 
Refuse Disposal 
2910 Grand Central Ave. 
Tampa 9, Florida 


Water Supr 


Drainage Rates 
25 West 43rd Street 
New York 36, N.Y 








Consult these specialists for professional assistance! 





JOURNAL WPCF 





LEE T. PURCELL 


Consulting Engineer 


pply & Purification; Sewerage & Sew- 
yosal;: Industrial Wastes; Investigations 

& Reports; Design; Supervision of 

Construction & Operation 
Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


PROFESSIONAL 
SERVICES 








RADER AND ASSOCIATES 
Engineers and Architects 


Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations, 
Plans, Specifications and Supervision of 
Construction Work 


The First National Bank Building, 
Miami 32, Florida 


REAVES & GREGORY 
Consulting Engineers 


Pau. C. REAvEs 
Paut D. Grecory 


3332 West Seventh Fort Worth 7, Texas 








A PROFESSIONAL CARD 


its your services to over 10,000 


readers with each issue of the 
where potential 


This 
seek professional assistance. 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 
369 E. 149th St. 


New York 55, N.Y. 
MOtrt Haven 5-2424 








RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rippie V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Hows 


ROBERT AND COMPANY 
ASSOCLATES 


ARCHITECTS AND ENGINEERS 


ATLANTA 








RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers- Architects 


Investigations - Design - Supervision of 
Construction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning -Urban 
Subdivisions - Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 








J. E. SIRRINE COMPANY 


Enyineers 
Since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 
Wate pply and Treatment 
1 Industrial Waste Treatment 


ream Pollution Surveys 





nd Bacteriological Analyses 





SMITH and GILLESPIE 
Consulting Engineers 
All types of 


Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 











It pays to secure competent and experienced professional advice! 
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STANLEY 
ENGINEERING COMPANY 


> Mee NXT 
I ROK YSSION AL Consulting Engineers 
SERVICES mn bg *thicoge & Mina 


1154 Hanna Building 
Cleveland 15, Ohio 











ALDEN E. STILSON & ASSOCIATES TIGHE & BOND 
Limited CONSULTING ENGINEERS 
towers and Pequot Streets 
Wieden: Banite-eunsame=iteake 1dins 1 Holyoke, Massachusetts 
Bridge ighways—Industrial Building Fel. JEfferson 3-3991 
Stud rvey Re rt Civil, Sanitary and Electrical Engineering 
Plans and Specifications 


Consulting Engineers 


Investigations, Reports 


245 N. High St. Columbus 15, Ohio Supervision of Construction and Operation 








asi J. STEPHEN WATKINS 

WALLACE & HOLLAND J. 8S. Watkins G. R. Watkins 

: CONSULTING ENGINEERS 

Consulting Engineers . iy ; W 

i Cip and it | tr a} iyineer ig ater 

rification, Sewerage and Sewage 

Civil ; tructural reatment, Highways and Structures, Reports 
. es 4 : : Investigations and Rate Structure 

446 East High Street Lexington, Kentucky 

tranch Office 


401 N. Federal Mason City, lowa tran 
4726 Preston Highway Louisville, Kentucky 














LEONARD S. WEGMAN CO. gap el peeccoiggrescsinagy 


Consulting Engineers Industrial Waste 
Stream Pol ir 


Water, Sewerage and Drainage Works W corear 


! 
Incinerators 

Sanitary, Industrial Wastes—Treatment, Recovery 

Erosion, Flood and Waterfront Works 


Reports Design Supervision 


Plans 


235 East 45th St. New York 17, N. ¥. Neweows Square ne eee 











Waerun & BARTON WHITMAN & HOWARD 


Consulting Engineers 
Sindee Sestinnttin Engineers (Est. 1869) 


De 


aborat 


14 Beacon Street Boston 8, Mass. 89 Broad Street, Boston, Mass. 








WILSON & COMPANY 
WHITMAN, REQUARDT & ASSOCIATES on 


Engineers—Consultants Investigations — Planning — Design 
Civil Sanitary Structural ater, Sewerage, Streets, Highways, Bridges, 
: ectrical, Airfields, Drainage, Dams 
Mechanical Electrical Treatment Plants, Industrial Installations 
Aerial Mapping 
es, Reproductions 


Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


631 East Crawford - - Salina, Kansas 
2930 Geo. Washington Ave., Wichita, Kansas 

















Consult these specialists professional assistance! 
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The illustration shows one of two 115° diameter sedimentation 
basins, equipped with Walker Process Tractor Drive Thickenera, 
for clarification of the hot strip mill waste water plus fine 
scale removal. Each unit is designed to process 10,000 gpm 
with a reserve capacity of 20,000 gpm for emergencies. A 
third Walker Process Tractor Drive Thickener handles 5500 gpm 
of blast furnace Ave dust washer water in # 110° diameter x 11" 
SWOD basin 


Waste water treatment at Kaiser Steel Corpora force with a minimum of gear reducer effort 

tion's Fontana. California Works ineludes facil- This feature also permits the use of simpler 

ities for handling blast ice flue dust washer more accessible gear reducers which simplify 

water and hot strip mill process water. A com- maintenance and adds years to the service life 

bined total of 37 MGD indieat the importance of the unit : 

of waste ter treatment tron i ynservation 

standpoint as well as operating economy In addition to Tractor Drive Thickeners, 

Walker Process manufactures sludge collector 

Heavy fines and particles, encountered in steel units for all types and sizes of applications 

mill wastes, require equipment designed to move circular, rugged, center drive units, either pier 

literally tons of abrasive sludge with as little or hel lge supported and rectangular mechanisms 


maintenance as possible W: ilker r Pro ess Tracte 
Drive Thickeners especially suit these sonditions 
The drive at the per the basin utilizes 


the bridge as a lever to exert high rotational 


Write for information on equipment for the 
1 water and sewage and 





treatment of municipé 





KER PROCESS EQUIPMENT INC. 


FACTORY « ENGINEERING OFFICES * LABORATORIES 
AURORA, ILLINOIS 














DURABILITY... RELIABILITY... FLEXIBILITY... 


LOCK JOINT CONCRETE ROLLER SUSPENSION 
PIPE with the 


LOCK JOINT Long life is built into every section of Lock Joint Roller 
RUBBER and CONCRETE JOINT Suspension Sewer and Culvert Pipe through a manu- 
facturing process which produces concrete walls of 


unusual strength and density. 


The non-corrosive, non-tuberculant inner surface of 
the pipe is remarkably resistant to abrasion and as- 
sures continued high flow characteristics and trouble- 
free service. 


Lock Joint’s Rubber and Concrete Joint, available in 
this type of pipe and in some designs of conventionally 
‘ast pipe, gives maximum protection against infiltra- 


tion while affording ample flexibility to accommodate 


NGITUDINA 
REINFORCEMENT 


deflections due to ground settlement and expansion of 
contraction due to temperature « hanges 


For economy in jointing, Roller Suspension Pipe is 
ULVERT PIPE PLANTS produced in standard 8’ lengths and is available in 


Kenilwort! Beloit Denver, Colo diameters from 12” to 72’. Lock Joint Pipe Company 
Hartford, Conr Chicago, | cheyenne, Wyo 
New Haven, Cor k island, | Casper, Wyo ’ 
Buffalo, N. ) 3 Dark, M Tucumcari, N. Mex diameter from 6” to 120” or even larger if required. All 
Rochester, N h ansas City, Kans Hato Rey, Puerto Rico 
Edgewater, Fla slsa 4 Carolina, Puerto Rico 
Miami, Fla Oklahoma City, Okla. Ponce, Puerta Rico comply with A.S.T.M., State Highway or individual 
W. Paim Beact 4 hita 5 Caracas, Venezuela 


also produces machine made and cast pipe ranging in 
Lock Joint sewer and culvert pipe may be designed to 


specifications, 


- 


‘Q)| LOCK JOINT PIPE Co. 


= 4 East Orange, New Jersey 


Pressure + Water + Sewer » REINFORCED CONCRETE PIPE « Culvert - Subaqueous 
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| Wet | GOMPOUND-LOOP CONTROL 


Compound-loop Control by Wallace & Tiernan maintains chlorine 
residuals automatically—provides utmost flexibility in arrangement and 
process control. 

Chlorinator feed rate is adjusted by two signals: one from water 
flow. the other from continuous, automatic residual analysis. Since feed 
rate is the product of these signals, Compound-loop Control gives you a 
range of greater than 100:1. No matter how much flow or demand 
changes, your system always maintains the selected residual. 

Regardless of the size, type. or physical layout of your system, 
Compound-loop Control adapts readily. Electric, pneumatic, or 
variable vacuum control signals can be used. And you can in- 
stall Compound-loop Control as a package or convert to it, 


component by component, as your system expands. 


For more information, write Dept. S-145.84 


WV. WALLACE & TIERNAN INCORPORATED 
yw 25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 











LANCASTER, PA 





>ubaqueous 





